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The Norma cluster (AC03627): II. The near infrared 
ilVband luminosity function 
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ABSTRACT 

A deep i^ s -band photometric catalogue of galaxies at the core of the rich, nearby 
Norma cluster (AC03627) is presented. The survey covers about 45' x 45' (slightly less 
than 1/3 Abell radius), which corresponds to ~ 0.8/if Mpc 2 at the adopted distance 
(vcmb / Hq) of 70 h^Q Mpc of this cluster. The survey is estimated to be complete to 
a magnitude of Mk 3 < —19.5 mag. This extends into the dwarf regime, 6 magnitudes 
below Mk . The catalogue contains 390 objects, 235 of which are classified as likely 
or definite galaxies and 155 as candidate galaxies. The iC s -band luminosity function 
(LF) is constructed from the photometric sample, using a spectroscopic subsample 
to correct for fore- and background contamination. We fit a Schcchter function with 
a characteristic magnitude of = -25.39 ± 0.80 mag and faint-end slope of a = 
-1.26 ± 0.10 to the data. The shape of the LF is similar to those found in previous 
determinations of the cluster LF, in both optical and near infrared. The Schechter 
parameters agree well with those of recent field LFs, suggesting that both the shape 
of the bright end and the faint end slope are relatively insensitive to environment. 

Key words: galaxies: clusters: individual: Norma cluster (ACO 3627) - galaxies: 
luminosity function - infrared: galaxies 



1 INTRODUCTION 



The Norma cluster (ACO 3627; lAbell. Corwin. fc OlovriH 
1 19891 ) at {I, b, v) = (325°, -7°, 484 4 km s" 1 ) is the near- 
est ri c h, mass i ve clu ster of galaxies (|Kraan-Korteweg et al.l 
Il996l ; IWoudtl Il998h. with proper ties comparable to the 
Coma cluster ( Mazure et al.l Il998l ) . It has remained rela- 
tively unexplored in comparison to its well known counter- 
part, mainly because of its location at low Galactic latitudes 
in the southern Zone of Avoidance (ZOA) where dust extinc- 
tion and star crowding dilute its appearance. The Norma 
cluster's prominence - and importance with regard to the 
dynam ics of the local Universe - wa s only realized in the la te 
1990s (|Kraan-Korteweg et al.|[l99rj ; iBohringer et al.lll996l h 

This paper presents a deep near-infrared A%-band sur- 
vey of the central part of the cluster. It is the second in 
a series of papers on the properties of the Norma cluster. 
Pap er I was dedicated to a dynamical analysis of the clus- 
ter |Woudt et al.|[200^ ). An introduction to the cluster and 
its relevance to the Great Attractor overdensity and local 
cosmic flow fields is discussed there. 

Observations in the near infrared (NIR) wavelength 
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range are useful for penetrating the ZOA: dust extinction 
is up to an order of magnitude smaller in the NIR than in 
the optical. The NIR has further advantages. While star- 
forming regions are bright at optical wavelengths, making 
optical observations particularly sensitive to galaxies where 
star formation is taking place, the NIR is much less affected 
by short bursts of star formation and therefore a better in- 
dicator of galaxy mass (lAndreon fc Pelldl [200ol ). The NIR 
has the advantage of high resolution and sensitivity to both 
spiral and elliptical galaxies, compared to longer wavelength 
regimes where instruments have limited resolution and are 
sensitive to nearby late-type galaxies. As a result, the NIR 
provides information on the underlying mass distribution of 
galaxies. An additional consideration for evolutionary stud- 
ies is that fc-corrections in the NIR are smaller than in the 
optical and less dependent on galaxy type. The NIR is thus 
useful for comparisons over a range of redshifts. 

The deep A s -band images obtained for this investiga- 
tion cover the central 0.8 Mpc 2 of the Norma cluster. The 
survey is close to 3 ma gnitudes deeper than the 2 Micron All 
Sky Survey (2MASS. ISkrutskie et "ail 120061 ) and has much 
better seeing and spatial resolution (0.45 arcsec pixels com- 
pared to 2 arcsec pixels) . The latter is particularly important 
since the combination of low resolution and high star density 
creates a "NIR" Zone of Avoidance which affects the com- 



2 R. E. Skelton, P. A. Woudt and R. C. Kraan-Korteweg 



pleteness of the 2MASS Extended S ource Catalogue (XSC) 
at the location of the Norma clus ter (|Kraan-Kortewedl2005l ; 
iKraan-Kortewee fc Jarrettll2005l ). 

Based on the survey, the _K\,-band luminosity function 
(LF hereafter) for the cluster is determined. The LF is a 
probability distribution, describing the relative numbers of 
galaxies of different magnitudes within a particular envi- 
ronment. It is a fundamental tool for observational cos- 
mology and the study of galaxy form ation and evolution 
(|Binggeli. Sandage fc Tammannlll988l ). Both the local field 
LF and those of nearby clusters are used for comparison with 
higher redshift samples to study the evolution of galaxies. 

The Coma cluster has been used as the archetypal 
rich zero-redshift cluster in a numb er of LF studies, dat- 
ing back to the 1980s (see for e.g . Thompson fc Gregory! 



ll98d ; lAndreon. Cuillandre fc PellcffeoOOl ) . The Norma clus- 
ter now provides an ideal opportunity to test and comple- 
ment existing knowledge on local clusters, due to the re- 
cent development of techniques to deal with ZOA data (e.g. 
automated star-subtr action with routines such as killall; 
But a fc McCall|[l999l ) and infrared array detectors that can 
image large areas in the NIR. The NIR K s -band LF deter- 
mined for the Norma cluster can be used as a comparitive 
tool to examine changes in cluster composition - both lo- 
cally and with increasing redshift - and thus explore galaxy 
evolution in dense environments. 

An introduction to LFs and summary of recent deter- 
minations for clusters and the field are given in Section 2. 
Section 3 provides details of the NIR observations of the 
Norma cluster and describes the data reduction process, 
including star-subtraction and photometry. In Section 4, 
the results of the survey are presented. The iG-band cat- 
alogue is de scribed and cross-referenced wit h the optical 
catalogue of I Woudt fc Kraan- Kortewed l|200j ) and the dis- 
tribution of the objects and their properties are examined. 
The LF is derived in Section 5 and compared to those 
of other clusters and environments. A Hubble constant of 
Hq = 70 km s _1 Mpc _1 is used throughout this work. 



2 LUMINOSITY FUNCTIONS 

The general LF <&(M ) is a probability distribution over abso - 
lute magnitude (M) ijBinggeli. Sandage fc Tammannll 19881 ). 
It can usually be well described by the function 

<P(M)dM = ^10°' 4(a+1)(M *- M) e - 10 °- 4<M " M) dM (1) 

proposed bv lSchechteil i| 197rj ). M* , q and <j>* are free param- 
eters representing the characteristic magnitude (the "knee" 
in the curve), the faint end slope and the normalisation, re- 
spectively. The Schechter function is essentially a power-law 
at the faint end and an exponential at the bright end. The 
Schechter function parameters are found to be remarkably 
similar for the field and cluster environments, despite the 
differences in density and relative fractions of morphological 
types. 

Not all clusters can be modelled by a Schechter func- 
tion, however. The Virgo cl uster, for example, has a LF with 
a "do uble wave" structure l|Binggeli. Sandage fc Tammannl 
1988). Clusters containing cD galaxies seem to have a 
steeper bright end than those without cD galaxies. Often 



the brightest galaxy is excluded to obtain a better fit, par- 
ticularly in cD clusters. The Schechter parameters have also 
been found to vary depending on the region sampled within 
the cluster, the size of the area and the limiting magnitude 
|Andreodl200lh . 

The relatively recent development of wide-field arrays 
such as the NICMOS (256 x 256) and HAWAII (1024 x 
1024) HgCdTe detectors enabled LFs in the near infrared 
to be determined over much larger areas than was previ- 
ously possible. Up until the mid 90s, deep surveys were only 
possibly for small areas, making it difficult to determine a 
local field LF in the NIR l|Huang et al.l fl997) or image large 
enough areas over nearby clusters. The first determinations 
of the NIR field LF using a wide-field NIR selected sur- 
vey w ere made by iGardner et alj (|l997T ) and ISzokolv et all 
|l998t ). 

The number of galaxies with NIR photometry and red- 
shifts increased by a n order of magnitude with 2MASS 
|Skrutskie et al.ll2006h . making it possible to determine a 
NIR LF for a sample co mpar able to the optica l , for t he first 
time. ICole et all l|200ll) and iKochanek et al.l (120011 ) deter- 
mined NIR LFs based on 2MASS Second Instrumental Re- 
lease data, while iBell et al l l|2003h used Sloan Digital Sky 
Survey (SDSS) and 2MASS XSC to fin d optical and NIR 
luminosity functions. IJones et al.1 (|2006T l have improved on 
this yet further, using 2MASS photometry and a subset of 
the 6-degree Field Galaxy Survey (6dFGS). The character- 
istic magnitude obtained was -24.60 ± 0.03 mag, with a 
faint end slope of -1.16 ± 0.04. Their findings suggest that 
a Schechter function is not an ideal fit to the LF, although 
the parameters obtained agree well with previous determi- 
nations. 

Table [T] summarises the most recent cluster LF deter- 
minations in the NIR. Here M* refers to the characteris- 
tic magnitude in the wavelength band given in Column 3. 
The Coma cluster is the most comprehensively studied, in 
both the optical and NIR bands. The NIR LF has been 
found to be consistent with t he optical LF, shifted by the 
mean colour in magni tudes (iMobashe r fc Trenthaml Il998l ; 
lAndreon fc Pelldl |2000| ). A number of authors have found 
a dip in the optical LF at B ~ —18 mag (see for e.g. 
iMobasher et al.l l2003l ). correspo nding to the transit i on be - 
tween giant and dwarf galaxies. IJerien fc Tammannl (|l997t ) 
find the dip to be promine nt in the Centau r us an d Fornax 
LFs but less so for Virgo. IMobasher etall (|2003l ) suggest 
that the dip may be caused by the contribution of the early- 
type galaxies at the bright end, which could be better fit 
by a Gaussian, while the faint end could be fit by a power 
law. This is supported by observations o f a similar dip in 
the N IR LF of Coma at H ~ -22 mag l|Andreon fc Pelldl 
2000), which suggests that it is not the result of increased 
star formation at the bright end due to the hostile cluster 
environment, but rather due to the morphological mix of 
galaxies. 

The Schechter parameters depend on the location and 
size of the area surveyed and the depth of the survey. This 
can be seen fr om the variation in the parameters, for ex- 
ample those of Andreon (2001) in Table [TJ where different 
regions of the sa me cluster have been analysed using the 
same techniques. lAndreorJ (|200lf ) find that the slope of the 
LF is shallower in higher density regions towards the centre 
of the cluster, because the relative number of bright galaxies 
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Table 1. Tabic of Previous NIR Cluster Luminosity Functions 



Cluster 


Reference 


Band 


M* 
[mag] 


a 


Sample Notes 


Coma 


Mobasher & Trentham 1998 


K 




.1 41+0.34 

x '* -0.37 


0.03 Mpc 2 , -19.3 < M K < -16.3 


Coma 


de Propris et al. 1998 


H 


-23.82 


-0.93 


central 0.53 Mpc 2 , H < 14.5 


Coma 


de Propris et al. 1998 


K 


-24.02 


-0.98 


central 0.53 Mpc 2 , H < 14.5 


Coma 


de Propris et al. 1998 


H 




-1.73 ± 0.14 


central 0.53 Mpc 2 , 14 < H < 16 


Coma 


Andreon & Pello 2000 


H 


-23.86 


-1.3 


off-centre 0.30 Mpc 2 , H < 17 


AC118 


Barger 1996 


k' 


-24.5 


-1.0 ± 0.12 


Centre 


AC118 


Andreon 2001 


K 3 


-25.26 


-1.2 


1.36 Mpc 2 


AC118 


Andreon 2001 


K s 


-23.96 


-0.5 


0.26 Mpc 2 Main clump 


AC118 


Andreon 2001 


Ks 


-23.56 


-0.9 


0.26 Mpc 2 NW clump 


5 clusters 


Trentham fc Mobasher 1998 


K 




-1.38 ± 0.24 


Composite LF 



Note.— M* has been scaled for Ho = 70 km s — 1 Mpc" 1 . Where no value of M* is given, the 
parameter was not constrained in a fit to the Schechter function. No corrections have been made 
to account for different types of magnitudes used, however characteristic magnitudes can be 
compared through the colour differences of H — K ~ 0.22 mag (see Section l5.3j l and K — K ~ 
Q.22(H - K) mag llWainscoat fe Cowidll992l) . 



increases while the number of dwarfs decreases. The range in 
parameters suggests that useful comparisons between clus- 
ter LFs can only be ma de when correspond i ng ar eas are 
surveyed to similar depth (|jerien fc Tammanr] |l997t) ). 



3 OBSERVATIONS AND DATA REDUCTION 

A survey of the Norma cluster in the near infrared was un- 
dertaken with the Simultaneous 3 colour InfraRed Imager 
for Unbiased Surveys (SIRIUS) on the Infrared Survey Fa- 
cility (IRSF), the 1.4-m Japanese telescope at the South 
African Astronomical Observatory (SAAO) site in Suther- 
land. SIRIUS allows simultaneous observations in the J (A = 
1.26 urn), H (A = 1.63 fj,m) and K s (A = 2.14 \irn) bands. 
It has three 1024 x 1024 HgCdTe (HAWAII) arrays. The 
field of view is approximately 7.8 x 7.8 arcmin 2 and the 
pixel scale is 0.45 arc sec per pixel ()Nagashima et all 1 19991 : 
iNaeavama et al.ll2003h . 

Forty seven slightly overlapping fields were observed 
during three observing runs in June and July 2001 and July 
2002, covering an area within 1/3 Abell ra dius of the clus- 
ter (approximately 0.6°; IWoudt et al.ll2005l ). Thirty dithered 
20-second exposures (10 offset positions along a 30 arcsec 
circle from the central position) were combined for each 
field, giving a total exposure time of 600 seconds per frame, 
in each of the thre e bands. Near infrared standard stars 
l|Persson et al.l ll998l were observed for photometric calibra- 
tion. The seeing varied from approximately 1.1 to 1.6 arcsec 
with a mean full width at half maximum (FWHM) of 1.35 
arcsec l|Woudt et all 120051 ). Dark current subtraction, sky 
subtraction and flat-fielding were done using tasks in the Im- 
age Reduction and Analysis FacilitjQ (IRAF) and the data 
reduction pipeline written by Yasushi Nakashimfl Astrom- 

1 IRAF is distributed by the National Optical Astronomy Obser- 
vatory, which is operated by the Association of Universities for 
Research in Astronomy, Inc., under cooperative agreement with 
the National Science Foundation 

2 This pipeline is available as the IRAF package SIRIUS at 
http://optik2.mtk.nao.ac.jp~yas/pipeline/siriuspipeline.html 
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Figure 1. The 47 IRSF fields centered on the Norma cluster, 
in equatorial coordinates. Each field is 7.8 X 7.8 arcmin 2 . The 
surveyed area is demarcated by the solid line. The dotted circle 
indicates ^ Abell radius (0.6°). T he d ots represent galaxies found 
in a d eep optical search l lWouddll998l ; IWoudt fc Kraan-Kortewed 
l200ll) . They identified 106 galaxies within the survey area. 



etry was done using the IRAF task CCMAP (see Section T3. II) . 
The astrometrically-calibrated images were processed to re- 
move the majority of point sources, as described in Sec- 
tion 13.21 Objects in the "cleaned" images were identified 
using Source Extractor (SExtractor, see Section \3. 3 1 . 

The Norma cluster is located at a mean heliocen tric re- 
cession velocity of 4844 ± 63 km s" 1 (IWoudtJll99"8T ). This 
translates to a velocity of vcmb = 4928 ± 63 km s _1 
in the cosmic mic rowave background (CMB) rest frame 
l|Kogut et al.|[l993l ) and a distance of 70h^ Mpc, assum- 
ing that the cluster is at rest with respect to the CMB. Us- 
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ing t his distance and a fc-correction of -0.05 mag (see I Glass! 
1 19991 ). the distance modulus for the Norma cluster becomes 

m- M = 34.18 -5 log h 70 + A(l,b) (2) 

where A(l,b) is the galactic extinction. 

The 47 fields cover an area of ~ 0.6 square degrees, 
corresponding to 0.8/if 2 Mpc 2 at the distance of the clus- 
ter. The survey region is outlined by the solid line in 
Fig. [T] It is centred on (Right Ascension (RA), Declina- 
tion (Dec)) = (16 h 15 m 01 s .4, -60°54'23", J2000), close to 
the giant elliptical gal axy at the centre of the cluster (E SQ 
137- G006. WKK6269: IWoudt fc Kraan-Kortewed l20bl: see 
also IWoudt et al.l 12008 ) . The dots represent galaxies found 
in a deep optical search using SRC HlaJ sky s urvey plates 
(|Woudtll 199a I Woudt fc Kraan-Korteweg|l200ll ). 

3.1 Astrometry 

Astrometry was done using the IRAF task CCMAP, using 
stars from the 2nd generation of the Digitized Sky Sur- 
vey (DSS2) images to find the astrometric solution. This 
was tested by comparing the positions of objects identi- 
fied by SExtractor to their c ounterparts in t he 2M ASS 
point source catalogue (PSC; ISkrutskie et al.l 120061 ). For 
6488 point sources, the standard deviation in RA and Dec 
was found to be a = 0.18 arcsec. Sixty-nine extended sources 
were matched to objects in the 2MASS XSC, with a stan- 
dard deviation of a — 0.4 arcsec. 



3.2 Star subtraction 

Images of the galaxies in the Norma cluster are severely 
affected by star-crowding, due to the low galactic latitude 
location of the cluster. It is necessary to clean the images of 
foreground star s before accurate photo metry of the galaxies 
can be derived. iButa fc McCalll l|1999l) developed an IRAF 
routine known as killall to deal with this problem for the 
IC 342/Maffei group of galaxies, killall is built arou nd the 
tasks in the daophot package (|Stetson et al.l [L987). The 
daophot PSF task builds a two-component model of the 
point spread function (psf), by fitting a function to a num- 
ber of stars across the image. The parameters of the analytic 
function are found by fitting the chosen psf stars, weighted 
by their signal-to-noise ratios. The psf is then used to sub- 
tract stars from the image. We applied three runs of killal l 
in the cleaning process, described in detail in ISkeltonll|2007t ). 
The cleaned image is interactively edited using imedit, to 
remove spikes from saturated stars, residuals from bright 
stars and other cosmetic defects resulting from the clean- 
ing process. In a few cases bright stars covering galaxies are 
not removed by killall. These are dealt with individually. 
The galaxy is modelled using the ellipse and bmodel tasks 
within the isophote package. Sigma-clipping is applied to 
mask out the star light on the first iteration. The model 
galaxy is subtracted from the original using imarith. The 
overlapping stars are then clearly visible and can be sub- 
tracted by fitting the psf to them. In cases where the stars 
are saturated, this is not successful and an imedit aperture 
replacement is used. The model of the galaxy is then added 
back. 

A section of field 6 before and after the star removal 
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Figure 2. Examples of an image at different stages of the cleaning 
process. Left-hand panel: A section of the original (post data 
reduction) image of field 6. Right-hand panel: The same section 
after automated star subtraction. 

process is shown in Fig. [5] The original image after data 
reduction is given in the left hand panel, and the "cleaned" 
imag e after star subtrac tion in the right-hand panel. 

IWoudt et all (2005) tested the star removal process by 
adding star fields of similar density to that of the Norma 
cluster region to calibration galaxies with well-determined 
magnitudes and comparing their original photometry to that 
after star subtraction. They found the differences in magni- 
tude to be negligible (<^ 0.01 mag on average), demonstrat- 
ing the effectiveness of this method for dealing with fore- 
ground stars. 

3.3 Photometry 

After the st ar removal process, each image is run through 
SExtractor (|Bertin fc Arnoutsl 1 19961 ) . A background mesh 
size of 64 pixels and filter size of 5 meshes were used for 
all the fields. The parameters were optimised by comparing 
the photometry of stars in test fields with those matched in 
the 2MASS PSC (see Section l3~3~Tj) . The detection threshold 
was chosen to be 3a above the background value. A gaussian 
convolution mask, adjusted to match the average seeing, was 
used to improve the detection of faint sources. 

Blended objects made up of neighbouring stars were 
identified by eye and used as test cases to find the best 
value of the deblending parameters. Increasing the parame- 
ter controlling the number of thresholds to 64 and using a 
minimum contrast of 0.001 improved the separation of over- 
lapping objects. 

There are four types of photometry that can be output 
by SExtractor: isophotal, corrected isophotal, aperture and 
Kron or Auto photometry. For consistency, we have chosen 
to use the Auto magnitude as an estimate of the total mag- 
nitude for all the identified galaxies. 

3.3.1 Photometric consistency checks 

The filter system of SIRIUS on the IRSF is approximately 
the same as that of 2MASS, allowing for the direct compar- 
ison of photometry. The IRSF survey of the Norma Cluster 
improves on the data for this region provided by 2MASS, due 
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to the depth of the survey and differences in resolution of 
2MASS and the IRSF (2.0 arcsec vs. 0.45 arcsec per pixel). 
When candidate galaxies are included in the sample, the 
completeness limit of this survey is two magnitudes fainter 
than the no minal completeness o f 2MASS (K 3 = 15. m 25 vs. 
K s = 13. m l. ljarrett et alJliooiih and about 2.5 mag fainter 
tha n the estimat ed completeness at the latitude of the clus- 
ter (|jarrettH20"04T l. The higher spatial resolution of the IRSF 
makes it possible to separate stars and extended sources to 
a greater extent, thus improving star subtraction for large 
galaxies. 

The photometry of point sources and extended sources 
was compared to that of corresponding objects in 2MASS, 
yielding a standard deviation of a m = 0.2 mag, with no 
significant trend found. 

Point sources identified in overlapping borders of ad- 
jacent fields were used to check consistency between fields. 
Generally of the order of 100 objects per field had counter- 
parts on an adjacent field. Nine test fields were compared 
with the fields surrounding them, thus covering the whole 
region. No systematic differences in photometry over the 
region were found. The mean difference in magnitude and 
standard deviation are 

< AK a >= -0.016 ± 0.004 mag, a = 0.157 mag. 

These results reflect the maximum difference, since the ob- 
jects compared are all near the edges of the images, where 
their parameters are least well determined. 

Some point sources were found in one field but not in 
an overlapping field. This was initially a cause for concern, 
but can be attributed to differences in image quality and 
the star-removal process. For example, objects towards the 
right-hand edge of some of the images show systematic elon- 
gation. Faint stars in affected fields appear to be extended 
sources. The star may be completely removed during the 
cleaning process on another field where the seeing is better 
and thus only identified on one of two overlapping fields. 
This was taken into account during the final selection of ex- 
tended sources, where objects were examined by eye in each 
of the images in which they appear. 



3.4 Star-galaxy separation 

A number of techniques have been used to distinguish be- 
tween stars and galaxies, usually based on two parameters, 
such as the magnitude and central surface brightness or mag- 
nitude and isophotal area. Objects identified by SExtractor 
are classified as stars or extended sources, using a Neural 
Network (NN) to distinguish between them. Classification 
is difficult for faint and blended objects. In the ZOA, the 
star crowding and extinction make the problem even more 
severe. The stellarity index given by SExtractor was un- 
able to clearly separate stars and galaxies for objects with 
K s > 11 mag, becoming unreliable for most objects beyond 
K a — 13 mag. For this reason, we decided to identify galax- 
ies by examining the images by eye. More uncertain cases are 
found in images with worse seeing: faint stars are blurred, 
becoming indistinguishable from extended sources, groups 
of faint stars may appear to be nebulous and even bright 
blended stars may appear to be a single elongated object. 
Bright blended stars can be distinguished from galaxies be- 
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Figure 3. The distribution of galaxies identified in the i^ s -band 
images, in Galactic coordinates. Galaxies are marked with large 
filled circles, while candidates are shown as small open circles. 
The contours are lines of equal Galactic reddening from the dust 
maps of Schlegel et al. (1998), corresponding to extinction in the 
X a -band of A Ks = 0.07, 0.08, 0.09 and 0.1 mag. The solid circle 
corresponds to ^ Abell radius (0.6°). 



cause the SB of stars drops off rapidly compared to extended 
sources. 

Possible extended sources identified by SExtractor were 
classified by examining each image by eye. The result- 
ing catalogue was compared to the deep 7j-band cata- 
logue from the IllaJ Sky Sur vey plates l|Woudtl Il998l ; 
IWoudt fc Kraan-Kortewee 120011 ). Deep uncalibrated Rc- 
band images (|Markusi l2006) were used to confirm or reject 
objects as galaxies, or assign them "candidate" status if clas- 
sification was still uncertain. The Rc-band images typically 
have less than 1 arcsec seeing and higher spatial resolution 
of 0.237 arcsec/pixel compared to the K 3 band image resolu- 
tion of 0.453 arcsec/pixel. They are thus useful for resolving 
pairs or groups of stars identified as possible galaxies in the 
if.-band. 



4 PROPERTIES OF THE OBSERVED 
GALAXIES 

The catalogue of objects identified in the K a -band contains 
390 objects, 235 of which are classified as galaxies and 155 as 
candidate galaxies. The first fifteen entries of the catalogue 
are shown as an example in Tabled The full catalogue and 
a description of the column entries are given in Appendix 
A. 

The distribution of objects, in Galactic coordinates, and 
contours of equal Gal actic extinction determined from the 
IRAS/DIRBE maps (jSchlegel. Finkbeiner fc Davis! ll998T l 
are shown in Fig. [3] The galaxies are marked with large 
filled circles, while candidate galaxies are shown as small 
open circles. The contours correspond to lines of constant 
extinction in the A's-band, with values of Ak s = 0.07, 0.08, 
0.09 and 0.1 mag, respectively. The extinction in the K 3 - 
band is only 9% of that in the B-band. It is worth noting 
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Table 2. The first fifteen entries of the photometric catalogue of galaxies identified in the if s -band (see the electronic edition for the 
full catalogue) 



K B ID 


Optical ID 




HA (J2000) D 


ec 




Gal I 


Gal b 


A K S 


Class 




K s 






Bj 


Diameter 


Velocity 


Ficld/s (Flag) 






[' 




'] 


[° 




'] 


[° 


] 


[°] 


[mag] 






[mag] 




[mag] 


["] 


km s — 1 






(2) 




(3a) 


(3b) 




(4a) 


(4b) 


( 5 ) 


(6) 




(7) 






( 8 ) 


( 9 ) 


(10) 


(11) 


K001 


WKK6091 


16 


11 


50.8 


-60 


36 


14 


325 


21 


-6 


72 


0.070 


G 


13 


34 


± 





02 


17.9 


8 


3235 


29(0) 


K002 


WKK6092 


16 


11 


51.4 


-60 


37 


55 


325 


20 


-6 


74 


0.070 


G 


10 


74 


± 





00 


14.7 


26 


4688 


29(2) 


K003 


WKK6090 


16 


11 


52.0 


-61 


11 


41 


.324 


81 


-7 


15 


0.084 


G 


13 


17 


± 





02 


16.2 


7 




34(2) 


K004 




16 


11 


52.1 


-60 


37 


34 


325 


20 


-6 


74 


0.070 


C 


15 


04 


± 





04 




3 




29(0) 


K005 




16 


11 


52.6 


-61 


09 


09 


.324 


84 


-7 


12 


0.086 


C 


15 


39 


± 





05 




3 




34(0) 


K006 




16 


11 


54.2 


-60 


37 


18 


325 


21 


-6 


74 


0.070 


C 


16 


33 


± 





07 




2 




29(0) 


K007 




16 


11 


55.6 


-60 


39 


39 


325 


18 


-6 


77 


0.074 


G 


15 


19 


± 





05 




4 




29(0) 


K008 


WKK6100 


16 


11 


55.9 


-60 


43 


33 


325 


14 


-6 


82 


0.079 


G 


12 


36 


± 





01 


15.7 


9 




30(0) 


K009 




16 


11 


56.8 


-61 


(11 


05 


.324 


94 


-7 


03 


0.074 


C 


15 


72 


± 





06 




2 




32(0) 


K010 


WKK6098 


16 


11 


57.1 


-61 


07 


53 


324 


86 


-7 


11 


0.082 


G 


14 


69 


± 





04 


17.1 


4 


10482 


33(0) 34(0) 


K011 


R 


16 


11 


57.6 


-61 


10 


07 


.324 


83 


-7 


14 


0.086 


G 


14 


57 


± 





03 




4 




34(0) 


K012 


WKK6101 


16 


11 


58.6 


-60 


51 


11 


325 


05 


-6 


92 


0.081 


G 


12 


51 


± 





01 


16.7 


15 


4416 


31(0) 


K013 




16 


11 


59.4 


-60 


37 


4.3 


325 


21 


-6 


75 


0.074 


G 


13 


17 


± 





01 




11 




29(0) 


K014 


R 


16 


12 


00.4 


-60 


51 


26 


325 


05 


-6 


92 


0.081 


G 


13 


71 


± 





02 




7 




31(0) 


K015 




16 


12 


01.0 


-61 


01 


15 


.324 


94 


-7 


04 


0.074 


C 


15 


68 


± 





06 




3 




33(0) 



Hi 
< 



18 






i y 
j ' / 
k/ 1 / 




16 


completeness limit 










12 14 16 If 

Maximum SB (mag/arcsec 2 ) 

Figure 4. Surface brightness vs. Auto magnitude. The fitted re- 
lation is indicated by the thick solid line, with the dash-dot lines 
representing a deviation of la on either side. The completeness 
magnitude is indicated by the solid line. Reliable galaxies are 
shown as open circles and candidates as crosses. 



that the small variation in mean iG-band extinction over the 
regarded survey region implies that the contribution of ex- 
tinction to uncertainties in the estimated completeness and 
luminosity function will be negligible, despite the location 
of this cluster in the ZOA. 



4.1 Sample completeness 

The completen ess limit was estimated usin g the m ethod 
described in [ Garilli. Maccagni fc Andreonl |l999) and 
lAndreon. Cuillandre fc Pelld (2000) . Galaxies will not be 
detected when their central surface brightness (SB) drops 
below the detection threshold at a particular magnitude. 
The relationship between maximum SB, given by SExtrac- 
tor, and the Auto magnitude is shown in Fig. [4] In this figure 
galaxies are indicated by open circles, while candidate galax- 
ies are shown as crosses. The thick solid line is a linear fit to 
all the objects (+la and -la are shown as dash-dot lines). 
The dashed line indicates the SB detection limit. Galaxies 



to the right of the SB limit, yet below the dotted line (the 
intercept between the SB limit and the fitted relation) are 
not detected. The completeness limit is thus given by the 
solid line, at the magnitude where the SB limit intersects 
with the -la relation, rather than with the dotted line. 

The completeness limit determined in this way is K s = 
15.74 mag. The slope of the relationship between surface 
brightness and magnitude changes slightly and has smaller 
scatter if the candidate galaxies are excluded from the fit. 
This results in a completeness limit of K„ — 15.10 mag. 
Fig.[5]shows a histogram of the number of galaxies and can- 
didates per 0.5 mag bin. The completeness limits including 
and excluding candidates are indicated by the dashed and 
dotted lines, respectively. It is apparent from the figure that 
the number of reliably identified galaxies begins to drop for 
K„ >14.5 mag, although the total number of objects in- 
creases to K a ~ 16 mag. We adopt K s = 14.75 mag as the 
limiting magnitude for the determination of the LF; this 
sample consists of 170 galaxies and 14 candidates. 

4.2 Comparison with optical data 

Counterparts for 101 of the 235 (43%) of the galaxies in 
our catalogue have counterparts in the catalogue obtained 
from a deep optica l search using the HlaJ film co pies of 
the SRC sky survey ijWoudt fc Kraan-Kortewedl200ll ). Only 
five galaxies identified in the optical were not detected in 
the Jf s -band. The Bj-band magnitudes and extinctions of 
these galaxies are given in Table [3] along with the estimated 
its-band magnitudes they would have if they are assumed 
to be late-type galaxies with a colour of Bj — K s ~ 2. 
The brightest galaxy (WKK6369) can be seen on two of 
the fields, however it is partially obscured by a saturated 
star and thus was not detected by SExtractor. WKK6255, 
WKK6141 and WKK6408 were all identified by eye as low 
surface brightness galaxies but not extracted by SExtractor, 
while the faintest galaxy (WKK6410) was difficult to iden- 
tify by eye. In the case of WKK6255, a comparison with 
the original image showed that a star was removed very 
close to the galaxy. These results suggest that the detec- 
tion of low surface brightness galaxies may be influenced by 
star-subtraction and that the completeness is lower than ex- 
pected from the surface brightness-magnitude relation, how- 
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80 




K s Auto Magnitude (mag) 

Figure 5. The number counts in half-magnitude bins. The 
shaded region represents likely galaxies, while the unshaded re- 
gion represents candidate galaxies. Galaxies with velocities less 
than 8000 km s — 1 are assumed to be members of the cluster, 
shown with the darkest shading. Non-members have the second 
darkest shading, galaxies with no spectroscopic information have 
diagonal shading and the remaining region represents candidate 
galaxies. The completeness limits including and excluding candi- 
dates are shown by the dashed and dotted lines, respectively. 



Table 3. Bj-band galaxies not detected in the i<" s -band 



WKK ID 


Bj 


A B 


A K 


Approx. K a 




[mag] 


[mag] 


[mag] 


[mag] 


WKK6369 a 


16.5 


0.855 


0.075 


13.7 


WKK6255 


17.2 


0.976 


0.086 


14.3 


WKK6141 


17.4 


0.829 


0.073 


14.6 


WKK6408 


18.4 


1.04 


0.091 


15.5 


WKK6410 


18.9 


1.04 


0.092 


16.0 


"Covered by a 


saturated star in 


the K s 


band image 



ever these 5 galaxies amount to less than 5% of the sample 
of galaxies with B./-band magnitudes in the region. 

An additional 89 galaxies (38%) were previously iden- 
tified on deep Tic-band images of the Norma cluster taken 
with the Wide Field Imager on the MPG/ESO 2.2-m tele- 
scope. Velocity information is available for 102 galaxies (43% 
of the total galaxy sample); these velocities come from a vari- 
ety of observation s following our Zone of Avoidance r e dshift 
surveys C SAAO: IWoudt. Kraan-Kortewee fc Fairalll 1 19991 . 
MEFOS: IWoudt et~al.l |2004 Parkes: Schroeder. Kraan- 
Korteweg & Henning, in preparation) complemented by ad- 
ditional pointe d observations of th e Norma cluster members 
with 2dF (see IWoudt et alj 120081 for details regarding the 
optical and near-infrared target selection of the 2dF obser- 
vations). Galaxies with velocities greater than 8000 km s -1 
(N = 9) are assumed to be background galaxies. The mean 
velocity of cluster galaxies in the survey area with velocity 
information, excluding the ones with v > 8000 km s" 1 , is 
4816 km s _1 with a dispersion of 978 km s -1 . This agrees 
well with the value derived in paper I on the dynamical anal- 
ysis of this cluster for the inner 1/3 Ra, which was found to 
be 4777 ± 86 km s"\ a = 973 km s" 1 for 129 cluster mem- 
bers. 



5 THE Ks-BAND LUMINOSITY FUNCTION 

5.1 Derivation of the luminosity function 

The magnitudes of each galaxy are corrected for extinc- 
tion u sing the colour excess given by th e IRAS/DIRBE 
maps (jSchlegel. Finkbeiner fc Davis! Il998l ). converted to a 
magnitude correction usin g the NIR extinction law of 
ICardelli. Clayton fc Mathisl (|l989l ). No correction is made 
for stellar confusion because the majority of stars have al- 
ready been removed during the star subtraction process. The 
number of objects that are misclassified as galaxies is also 
reduced by classifying all the objects by eye. Uncertain cases 
are labelled as candidates, thus the LF determined for cer- 
tain galaxies can be seen as a lower limit. 

The largest source of uncertainty in the determina- 
tion of the LF is the correction per magnitude bin for 
background contamination. This is often done statistically 
through a control field away from the cluster, though 
this can lead to signficant s ystematic errors (see e.g. 
lAndreon. Punzi fc Grade! |2005| . for a detailed discussion). 
However, background contamination can also be assessed 
when membership assignment is available for a (fair) frac- 
tion of the cluster sample. In our case, spectroscopic in- 
formation is available for 99 of the 170 K s -ba.nd galaxies 
brighter than the completenesss limit (58%). Although our 
number counts are low er, we will follow the method used by 
iMobasher et""aH (|2003l ) to correct a large spectroscopic sur- 
vey in the Coma cl uster for incompleten ess. This approach 
is similar to that of iBiviano et al.l (Il995l ). who make a sta- 
tistical estimate of the membership fraction to confirm an 
estimate based on selection in the colour-magnitude plane. 
There is a potential bias introduced by this method due to 
the selection being based on a spectroscopic sample which 
might favour bluer galaxies. It should be noted though that 
in this case the spectroscopically observed galaxies were se- 
lected from both optical and NIR samples. Moreover nei- 
ther aimed for a given magnitude completeness limit, hence 
a 'systematic' colour bias is not expected. For reassurance in 
this regard, we compare the LF obtained with this spectro- 
scopic method with that obtained by subtracting K-band 
galaxy counts of field samples. As is shown later, these vary 
only for the faintest bins and have no influence on the LF 
parameters, which are stable for the last three magnitude 
bins used for the fitting of the LF. We only include galaxies 
with K s < 14.75 mag in the discussions of the LF hence- 
forth, because the membership fraction beyond this is not 
reliably determined (only two galaxies have redshifts, one of 
which is a member of the cluster). 

5.1.1 Cluster membership 

Let the number of galaxies in the area covered by the K s - 
band survey with spectroscopic information be N a (m), in 
a given range of apparent magnitude. None of the galaxies 
in the spectroscopic sample have velocity < 2000 km s , 
which would place them as foreground galaxies. All galaxies 
with velocities less than 8000 km s _1 are thus assumed to be 
members of the cluster. Of the 99 galaxies with velocities, 
8 (8%) are background. Let the number of galaxies that are 
members and non-members of the cluster as a function of 
magnitude be N m (m) and N nrn (m) respectively. The frac- 
tion of galaxies satisfying the membership criterion in each 
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Table 4. Spectroscopic number counts and the membership frac- 
tion in _ft"»-band magnitude intervals 



K° [mag] 


N s (m) 


N m (m) 


/( 


m) 


8.50 


2.00 


2.00 


1.00 


(0.00) 


9.00 


2.00 


2.00 


1.00 


(0.00) 


9.50 


2.00 


2.00 


1.00 


(0.00) 


10.00 


7.00 


7.00 


1.00 


(0.00) 


10.50 


14.00 


14.00 


1.00 


(0.00) 


11.00 


9.00 


9.00 


1.00 


(0.00) 


11.50 


13.00 


12.00 


0.92 


(0.07) 


12.00 


6.00 


6.00 


1.00 


(0.00) 


12.50 


6.00 


6.00 


1.00 


(0.00) 


13.00 


8.00 


8.00 


1.00 


(0.00) 


13.50 


11.00 


9.00 


0.82 


(0.12) 


14.00 


9.00 


7.00 


0.78 


(0.14) 


14.50 


10.00 


7.00 


0.70 


(0.14) 



NOTE. -Errors for the membership fraction 
are given in parentheses. 



magnitude bin is then 
f(m) = 



N„ 



N„ 



N m (m) 
NJm) ' 



(m) + N nm (m) 

The membership fraction, presented in Table [4] gives the 
probability that a random galaxy drawn from the spectro- 
scopic sample will be a member of the cluster, as a function 
of magnitude. The number of members is a binomial random 
variable, with the probability of "success" given by the true 
membership fraction for each of the N s trials. The error in 
the membership fraction, shown in brackets in Table |4j is 
thus given by 



var[/(m)] 1/2 



artiV^m)] 1 / 2 
N s (m) 

/(m)(l-/(m)) 



1 1/2 



N s (m) 



(3) 



5.1.2 The luminosity function 

The number counts in the AT s -band photometric sample 
(N p (m)) and spectroscopic sample (N s (m)) per magnitude 
bin are shown in Fig. [5] The darkest shading refers to mem- 
bers of the cluster, as defined above, the cross-hatched area 
to non-members, the diagonal shading to galaxies without 
spectroscopic information and the open histogram the total 
number of objects in the photometric sample, including can- 
didate galaxies. If the spectroscopic sample reflects the pro- 
portions of members and non-members that can be expected 
in the full photometric sample, the number of galaxies with- 
out velocity information that are cluster members can be 
estimated as f(m)N nv (m), where N„ v (m) is the number of 
galaxies without velocity information, in a given range of 
apparent magnitude. 

The LF can then be estimated as 



<f>{m) 



1 

A 

N v (m) 



{N m {m) + f{m)N nv (m)) 
f(m), 



A 



(4) 



where A is the survey area (jMobasher et alj|2003l ). The rel- 



ative error in the LF is given by the quadrature sum of the 
relative errors in N p (m) and f{m), so 



vai[(j)(m)] var[iVj,(m)] var[/(m)] 



iV P (m) 2 



Km) 



(•>) 



The number of galaxies in the photometric sample is a Pois- 
son variable, which has variance equal to its expectation 
value, while the variance of the membership fraction is given 
by Equation O This results in a relative error of 



5(/>(m) 
4>(m) 



+ 



1 



N p (m) N m (m) N s (m) 



1/2 



(6) 



Equation [6] reduces to l/\/ N m (m) if all the galaxies in the 
photometric sample at magnitude m have spectroscopic data 
and 1/ y/N p (m) if all the galaxies in the spectroscopic sam- 
ple at magnitude m are members of the cluster. 

The LFs determined from the membership-corrected 
galaxy counts are plotted in the top panel of Fig. [6] The 
black histogram shows the raw counts, while the circular 
data points represent the LF obtained applying the above 
method to the total number counts (left-hand column of 
Table O and the triangular data points to certain galaxies 
only (candidates excluded), as given in the right-hand col- 
umn of Table [5] The two LFs are very similar over the entire 
magnitude range considered. 

A correction for background contamination can also be 
made by subtracting an estimate of the field LF from the 
raw counts found in the cluster region. In the top panel 
of Fig . [6] we show the field counts from iGlazebrook et all 
( 1994) as a blue dashed line and the field-subtracted LF 
with blue squares. E rrors are ass u med to be Poissonian. 
The counts given bvlHuang et alj (|l997l ) are very similar 
to those of IGlazebrook et alj 1 19941 ) for K a 5j 14 mag, but 



slightly higher for fainter galaxies and would thus result 
in larger corrections at the faint end. The observations of 
IGlazebrook et all (|l994T ) are closer to ours in terms of spatial 
resolution, however t he area cover e d by the survey is much 
smaller than that of iHuang et all il 19971). As an additional 



Cluverl l|2008l ). which 



check, we subtracted the counts from 
were obtained using the same instrument, observing strategy 
and exposure times as our cluster survey, over a field of 2.24 
deg 2 . These counts are slightly higher than the other field 
estimates for K a < 14 mag, possibly due to a slight over- 
density at higher redshifts (12000 - 15000 km s -1 ) or due 
to an overestimate of the extinction. These data indepen- 
dently confirm our completeness limit, dropping below the 
other field estimates for K 3 > 14.75 mag. All three field- 
subtracted LFs agree well with the membership fraction- 
corrected estimate, deviating slightly for K s > 13.75 mag. 



5.2 The shape of the luminosity function 

The LF, shown in Fig. [6] is flat for the three brightest bins, 
increasing thereafter. There appears to be a shallow dip at 
K s — 12 mag, corresponding to an absolute magnitude of 
Mk s = —22.18 mag (using a distance modulus of 34.18 mag, 
see Section [3]). 

The LF c an be fitted with a Schechter function 
ISchechterl l|l976l ) of the form 



4>(M)dM = 0*10' 



0.4(a+l)(M* -M) 



n 0.4(M* — M) 



dM 



(7) 
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Table 5. The total number counts and resultant LF 



All objects Excluding candidates 





N p (m) 


NJm)f(m) 


<p(m) 


N p (m) 


N v (m)f(m) 




[mag] 






[mag -1 Mpc -2 ] 






[mag -1 Mpc -2 ] 


8.50 


2.00 


2.00 


5.00 (3.54) 


2.00 


2.00 


5.00 (3.54) 


9.00 


2.00 


2.00 


5.00 (3.54) 


2.00 


2.00 


5.00 (3.54) 


9.50 


2.00 


2.00 


5.00 (3.54) 


2.00 


2.00 


5.00 (3.54) 


10.00 


7.00 


7.00 


17.50 (6.61) 


7.00 


7.00 


17.50 (6.61) 


10.50 


14.00 


14.00 


35.00 (9.35) 


14.00 


14.00 


35.00 (9.35) 


11.00 


9.00 


9.00 


22.50 (7.50) 


9.00 


9.00 


22.50 (7.50) 


11.50 


14.00 


12.92 


32.31 (9.01) 


14.00 


12.92 


32.31 (9.01) 


12.00 


6.00 


6.00 


15.00 (6.12) 


6.00 


6.00 


15.00 (6.12) 


12.50 


10.00 


10.00 


25.00 (7.91) 


9.00 


9.00 


22.50 (7.50) 


13.00 


19.00 


19.00 


47.50 (10.90) 


19.00 


19.00 


47.50 (10.90) 


13.50 


27.00 


22.09 


55.23 (13.21) 


24.00 


19.64 


49.09 (12.21) 


14.00 


28.00 


21.78 


54.44 (14.14) 


25.00 


19.44 


48.61 (13.02) 


14.50 


44.00 


30.80 


77.00 (19.72) 


37.00 


25.90 


64.75 (17.12) 



NOTE. -Errors for the LF are given in parentheses. 



K s (mag) 

8 10 12 14 16 




1 -26 -24 -22 -20 -18 

M Ks - 5 log h 70 (mag) 

Figure 6. The LF of the Norma cluster in the A's-band (see 
text for details). Top panel: The black histogram shows the raw 
number counts. Open black circles and grey shading represent 
the membership fraction-corrected LF including all objects and 
the corresponding error, while red triangles exclude candidate 
gal axies. The blue squares show the field-subtracted LF, using 
the iGlazebrook et al.l lll994T ) estimate of the field number counts 
(shown as the blue dashed line). Lower panel: Open black cir- 
cles and grey shading are as in the top panel. The thick solid 
black line is the fitted Schechter function for all objects, while 
the black dashed line excludes the dip point and brightest bin. 
The red dotted line is the fitted Schechter function excluding 
candidate galaxies and the blue long-dash line is the fit to the 
field-subtracted LF. 

The characteristic magnitude, M* , faint-end slope, a, and 
normalisation, </>*, were found using a nonlinear least- 
squares Marquardt-Levenberg algorithm. The resulting pa- 
rameters are shown in Table [6] and the Schechter functions 
including and excluding candidates are plotted in the lower 
panel of Fig. [6] (solid and dotted lines, respectively). 

The effects of removing one or more data points from 



the fit are shown in Table [6] The Schechter parameters 
were found to be robust to changes in the limiting mag- 
nitude. Similar values (within la of the fit to all the data) 
were obtained for all three parameters, using limiting val- 
ues from K s = 13.75 mag (excluding the last 2 bins) to 
K a — 14.75 mag (including all bins, the solid line in Fig. EJ) . 
In some clusters, the fit to a Schechter function is im- 
proved by excluding the brightest cD galaxy from the fit 
ijBinggeli. Sandaee fc Tammannlll988h . In this case, exclud- 
ing the brightest bin, which contains the two cD galaxies, 
produces a slightly fainter characteristic magnitude but does 
not significantly change the results. The fit improved slightly 
by flagging the dip point (bins K 3 — 12 mag and K 3 = 12.5 
mag), however the characteristic magnitude and faint end 
slope remain within la of the parameters obtained by fit- 
ting all the data. The uncertainty on the parameters is ap- 
proximately halved. The most dramatic change occurs when 
both the dip point and the brightest bin are excluded. The 
normalisation increases substantially and the characteristic 
magnitude is fainter by more than la. This fit is shown 
as the dashed line in Fig. [6] The Schechter function fit to 
the field-subtracted LF (long dashed line in Fig. [©J agrees 
well with the other fits. The x 2 parameter, number of de- 
grees of freedom, v, and probability of obtaining a larger x 2 , 
P(> X 2 ^): f° r each fit are listed in Table [6] 

Various statistical tests into the reality of the dip point 
were performed, including a set of Monte Carlo simulations 
selecting 10000 random Schechter functions from within the 
errors of the fitted Schechter function parameters and com- 
paring the resultant distribution with the data. In addition, 
we used the Bayesian and Aike information criteria to as- 
sess whether a more complicated model (a Gaussian at the 
bright end, with a Schechter, second Gaussian or po wer-law 
at th e faint end) provides a better fit to the LF (e.g lLiddlel 
2007). Despite the coincidence of the dip point in our LF 
with those seen in other LFs at Mk s = —22.18 mag, the 
statistical tests show that the dip in the Norma LF, based 
on our present data, is not significant. The reality of the 
dip in the Norma LF can only be ascertained by enlarging 
the areal coverage and thereby reducing the errors in each 
magnitude bin. 
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Table 6. Resulting Schechter parameters from fits to the observed LF 



Data fitted M£ -51og/i 70 a <f>* \ 2 v P(>X 2 k) 

" [mag] [h? Mpc- 2 ] [%] 

Including candidates 

All bins -25.39 ± 0.80 -1.26 ± 0.10 17.06 ± 1.79 13 10 22 

Exclude K > 13. m 75 -25.18 ± 0.81 -1.20 ± 0.16 21.26 ± 1.93 12 8 14 

Exclude K > 14. m 25 -25.21 ± 0.74 -1.21 ± 0.13 20.55 ± 1.78 12 9 20 

Dip point flagged -25.04 ± 0.44 -1.21 ± 0.08 24.01 ± 1.44 5.6 8 69 

Exclude K = 8. m 5 -25.09 ± 1.07 -1.23 ± 0.13 20.08 ± 2.05 13 9 17 

Exclude K = 8. m 5 & dip -24.54 ± 0.47 -1.16 ± 0.09 32.88 ± 1.47 4.8 7 69 



Excluding candidates 

All bins -25.23 ± 0.70 -1.20 ± 0.10 20.21 ± 1.67 13 10 24 



Field-subtracted 

All bins -25.02 ± 0.57 -1.14 ± 0.11 25.39 ± 1.57 30 10 0.10 



5.3 Comparison to other luminosity functions 

The derived LF of the Norma cluster in the AVband is com- 
parable in form to the LFs of other clusters and the field LF. 
The comparison of the Schechter parameters is not straight 
forward, however, due to differences in wavelength band, 
magnitude system, area covered by the survey, depth of the 
survey, region within the cluster etc. In this section, we com- 
pare our LF to that of the Coma cluster, an intermediate 
redshift cluster, AC118, and the field. All magnitudes from 
the literature used in the comparison have been converted 
to H = 70^70 km s" 1 Mpc -1 . 

The characteristic magnitud e for the Coma cluster 
found by Ide Propris et al.l (Il998l) in the 7f-band (M* K = 
-24 m 02) and lAndreon fe Pelld (|200Ch in the H-band 
(Mh = —23.86 mag) agree well, t aking into account th e 
colour difference H-K « 0.2 2 mag (Ide Propris et al.|ll99Sf ). 
No errors for M* are quoted in lde Propris et aL 1 1998h . how- 
ever the la error ellipse shown in their Fig. 2 indicates that 
lcr ~ 0.75 mag. The c onfidence interval for the LF fit of 
lAndreon fc Pelld (2000) is even larger (their Fig. 3). The 
characteristic magnitude of MJJ- = —25.39 ± 0.80 mag for 
the Norma cluster is brighter than for Coma, comparing 
the parameters at face value. Excluding the dip point and 
brightest bin, the characteristic magnitude of the Norma 
cluster is Mj <3 = —24.54 ± 0.47 mag, within la of these 
Coma LF determinations. 

We obtain an intermediate value of cv, ranging from 
-1.14 to -1.26. This is steeper than the Ide Propris et al.l 
( 1998) Schechter function fit, but shallower than the power- 
law slope they fit to the faint end, as well as the val- 
ues of a obtained by | Mobasher fc Trenthaml (|l998l ) and 
lAndreon fc Pelld (|2000). A number of authors have found 
a steep faint-end slo p e for Coma, in the optical (e.g. 
ISecker fc Harris! Il996l. iTrentham fc Mobasheil 1 19981) and 



19981 . Ide Propris et all 



NIR (e.g. iMobasher fc Trenthaml 
1998). Most of these studies use statistical background sub- 
traction and extend to fainter magnitudes, thus an upturn 
in the LF may only occur for fainter magnitudes than con- 
sidered here. De Propris et al. (1998) find an upturn in the 
slope for M* + 3 mag, well within the limits of this sur- 
vey, however. It is possible that a Gaussian or Schechter 
function fitted to the bright end with a power-law fitted to 
the faint end is an equally valid assumption of the form of 



the LF. There has also been a suggestion that the slope in 
the central reg ion of clusters m ay be shallower than in the 
outskir ts (e.g. Lobo et ai"1ll997l ). with evid ence for this i n 
Coma l|Andreon fc Pcllo 2000) and AC118 (|Andreonll20"oi1 l. 
A similar analysis using fields offset from the center would be 
necessary to confirm whether this is the case for the Norma 
cluster. 

There is some degeneracy between the Schechter pa- 
rameters, thus a further comparison can be made by fixing 
the faint-end slope and re- fitting M* and cj>* . The results 
for various fixed values of a are shown in Table [7] for fits 
to all the data and the "best fit" case, where the brightest 
bin and dip points are excluded. The values of a have been 
chosen to match a selection of those in the literature. The 
results indicate that M* is fainter and <f>* higher for flat- 
ter faint-end slop es. For a = —0.98, cor responding to the 
slope measured bv lde Propris et alj (|l998h for the bright end 
of the LF, M* agrees well with their characteristic magni- 
tude. For all cho i ces o f a > —1.20, M* is wi t hin l a of the 
Ide Propris et al.l (|l998l ) and lAndreon fc Pelld (|200Ch values, 
in both the fits. A steeper faint slope of a — —1.30, how- 
ever, produces an even brighter M* which does not agree 
with previous determinations. The parameters are not well 
constrained for more negative values of a. 

In order to explore the evolution of the LF, we compare 
the LF of the Norma cluster to that of AC118, a cluster 
at z = 0.3. Th e NIR LF of AC118 has b een determined 
bv lBarger et all i|l996l ) and lAndreon] (|200ll ). with the latter 
study being one of the deepest determinations of an interme- 
diate redshift cluster LF placing constraints on both a and 
M* . We note that the 7f s -band corresponds approximately 
to the rest-frame i/-band at z = 0.3. The transformation is 

m h z=0 = M Kz=0 3 + 0.09 mag 

l|Andreodl200lT ). An offset of ~ 0.22 mag, corresponding to 
the H — K colour, gives the relation 

M Kz=0 ~ M Kz=0 3 - 0.13 mag. 

A fixed slope of -1.0 y ields a chara c terist ic magnitude in 
agreement with that of lBarger et all l | 19961 ) {M* K , = -24.5 
mag), while a slope of -1.2 gives a brighter M* , corr e spond - 
ing to M* Ks = -25.26 mag measured by lAndreonl l|200ll ). 
This suggests that there is little evolution in the LF from 
intermediate redshifts to today. 
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Table 7. Resulting Schechter parameters from fits to the observed LF, with various adopted fixed 
faint end slopes 





All B 


111S 


"Best Fit"" 


a 


M* Ks - 5 log h 70 


P 


M* <3 -51ogh 70 


P 




[mag] 


[h? Mpc- 2 ] 


[mag] 


[h? Mpc- 2 ] 


-0.98 


-24.41 ± 0.27 


48.83 ± 1.15 


-23.99 ± 0.18 


59.00 ± 1.11 


-1.00 


-24.46 ± 0.27 


46.01 ± 1.15 


-24.04 ± 0.19 


55.70 ± 1.11 


-1.16 


-24.94 ± 0.35 


26.42 ± 1.15 


-24.56 ± 0.25 


32.28 ± 1.12 


-1.20 


-25.11 ± 0.40 


22.31 ± 1.17 


-24.74 ± 0.30 


27.24 ± 1.14 


-1.30 


-25.68 ± 0.68 


13.25 ± 1.29 


-25.41 ± 0.64 


15.88 ± 1.28 



Excludes K = 8. m 5 & dip 



A recent determination of the field LF (|jones et alj 

2006), using the 6dFGS, finds that the Schechter function 
is not an ideal fit to the LF. The Schechter function is 
unable to reproduce the fiat faint-end slope and drop-off 
at the bright end simultaneously. Nevertheless, a Schechter 
function provides a rough approximation to the LF. The 
Schechter parameters obtained are Mr = —24.60 ± 0.03 
mag and a — —1.16 ± 0.04. These results are within la of 
the fit to all the data and very similar to the fit with the 
dip and brightest bin flagged, given in Table |SJ where all the 
parameters are free to vary. Even better agreement between 
the characteristic magnitudes are obtained with a fixed slope 
of -1.16, as shown in Table[7] No correction has been made to 
account for the di fferent types of magnitudes used, however 
llJones et al ] |2006l subtract 0.135 mag from Al* of previous 
2MASS LFs to convert from Kron to total magnitude). We 
also note that 2MASS is known to miss flux from the outer 
regions of galaxies, as well as low surface brightness galax- 
ies that are bright enough to be included in th e sample, 
which may affect the shape of the LF (see for e.g. lAndreonl 
120021 . [Mcintosh et al.|[2006l '). It is somewhat surprising that 
the agreement with the field LF is so strong, given that the 
environments are so different. The errors on the cluster LF 
parameters are much larger than for the field, due to the 
large number of galaxies used in the field LF determina- 
tion, and thus the favourable comparison may be fortuitous, 
rather than supportive of a universal LF. 



5.4 Mass-to-light estimate 

An estimate of the mass-to-light ratio of the Norma clus- 
ter was derived using the dynamical mass of the cluster 
(see also IWoudt et all I2008T ) and the total iC s -band lumi- 
nosity of the cluster, both within the area surveyed here. 



The dynamical mass is Mrvt = 5.2 ± 0.3 x 10 14 M and 
the total _ff s -band luminosity is Lk s = 5.0 x 10 12 L©. The 
latter includes the 155 candidate galaxies, which only make 
a minor contribution (0.1 x 10 12 L©) to the total luminosity 
of the Norma cluster. This results in a mass-to-light ratio 
of M/Lk b = 104 ± 6 M0/L2), which is comparable to the 
mass-to- light ratio of the Coma cluster (|Rines et al.l l200ll . 
2004) at similar cluster-centric radii. No attempt has been 
made to correct for flux coming from galaxies outside of the 
field covered in this work. 



6 SUMMARY OF RESULTS 

The K s -hand LF of the central 0.8/iy 2 Mpc 2 of the Norma 
cluster has been determined for Mk s < —19 mag. The 
Norma cluster is a rich, nearby cluster, comparable to the 
Coma cluster, yet it has received little attention due to its 
position near the galactic plane. It has been shown that 
semi-automated star-subtraction techniques can be effec- 
tively used on NIR ZOA data, enabling accurate photom- 
etry of galaxies at low latitude s. IRAF routines , enco mpass- 
ing the KILLALL routine of iButa fe McCalll i|l999l ), were 
developed and implemented to remove contaminating star- 
light. The effects of for eground dust were taken into accoun t 
using the dust maps of lSchlegel. Finkbeiner fc Davisl (l998). 
The detecti on and photometry of g alaxies was done using 
SExtractor (|Bertin fe Arnouts Il996l ). producing a catalogue 



containing 390 objects, 235 of which are classified as likely 
or definite galaxies and 155 as candidate galaxies. The full 
catalogue is presented in the electronic edition. 

The iG-band photometry was used to construct the LF 
of the cluster. The number of background galaxies at each 
magnitude was estimated from the membership fraction of a 
smaller spectroscopic sample, as well as by subtracting field 
counts from the literature. The results are summarised as 
follows: 

(i) The constructed LF has a similar shape to the NIR LF 
of other clusters and the field. A Schechter function with a 
characteristic magnitude of M^ s = -25.39 ± 0.80 mag and 
faint-end slope of a — -1.26 ± 0.10 can be fit to the data. 

(ii) We obtain an intermediate faint-end slope, which 
falls in the mid-range of previous d eterminations of 
the NIR LF for the Coma cluster dAndreon fc Pelldl 
|2000| . Ide Propris et all 1 19981 . iMobasher fc Trenthamlll998l ). 
Similar intermediate slopes have been found in opti- 



cal LFs of Coma ( Mobash er et alj 20031) and Centaurus 



|jerien fc Tammannl Il997l. IChiboucas fc Mated l2006h and 
NIR LFs of AC118 (jBarger et alJll99dlAndreorJl200ll ). The 
limiting magnitude is Mk s ~ —19.5 mag, thus the LF ex- 
tends to M1 iB + 6, within the dwarf regime. 

(iii) M1 iB is brighter than found in pre vious determina- 
tions of the NIR LF of the Coma cluster (Ide Propris et all 
1 199811 Andreon fc Pe llo 2000), which may indicate that there 
is a higher proportion of bri ght galaxies in th e Norm a clus- 
ter. Fixing a to the value of Ide Propris et all (|l998l ) brings 
the characteristic magnitudes within la of each other, how- 
ever. 
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(iv) The fit to a Schechter function is improved by exclud- 
ing the brightest bin and dip, though this lacks physical mo- 
tivation. The resultant parameters are M^ g = — 24.54±0.47 
and a = — 1.16±0.09. This characte ristic magnitude is com - 
pati ble with those of Coma f ound bv lde Propris et all (|l998l ) 
and lAndreon & Pelld (|2000h . 

(v) Both the fit to all the data and the improved fit agree 
with th e Schechter param eters found for the field from the 
6dFGS l| Jones et al.ll2006l '). 

In this study, the 7f s -band LF of the Norma cluster has 
been determined to the depth of dwarf galaxies over a rel- 
atively large area. This provides a benchmark of the LF of 
a local rich cluster, which can be compared to the Coma 
cluster and more distant clusters for evolutionary studies. 
The error bars on the LF are still large however, and future 
work will aim to provide better constraints on the LF pa- 
rameters. To work toward this, we increased the survey area. 
A comparison of the A's-band LF of the central region from 
this study, with outer regions or a larger area encompassing 
the centre, will then be used to investigate trends such as 
the increase in the faint-end slope of the LF with cluster- 
centric radius and other environmental effects. We also plan 
to analyse the J- and ff-bands, as well as the independently 
obtained Rc-hand survey. This would provide insight into 
the complex make-up of the cluster and give a better under- 
standing of the shape of the total LF and significance of the 
dip. 
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Kraan-Korteweg (2001). The typical ler uncertainty associ- 
ated with these magnitudes is 0. m 5. 

Column 9: Diameter of the object (D) in arcseconds, as es- 
tim ated from SExtractor's IS0AREA parameter: D ~ 2Ai so = 

g^ iaUAHEAxKLUNUATlUN where ^ j g ^ isophotal semi _ 

major axis, ISOAREA is the isophotal area and ELONGATION is 
the ratio of the semi-major and semi-minor axes. 
Column 10: Heliocentric velocity in km s _1 from NEE0, 
with additional sources from 2dF spectroscopy (Woudt et 
al. 2009, in preparation). 

Column 11: The field/s the object was identified in, corre- 
sponding to those shown in Fig. 1, followed by a photometric 
flag in brackets. The flag indicates the reliability of photom- 
etry in each image in which the object was detected. The 
number given is the sum of one or more of the following 
flags: "0" indicates reliable photometry, "1" indicates that 
neighbouring objects may have an influence on the photome- 
try of the object, "2" indicates that the object was originally 
blended with another object, "4" indicates that at least one 
pixel is saturated, "8" indicates that the object was trun- 
cated due to proximity to the boundary of an image, "16" 
indicates that the object's aperture data is incomplete or 
corrupted, "32" indicates that the object's isophotal data is 
incomplete or corrupted. If an object is identified in more 
than one field, the magnitude given in Column 7 is the aver- 
age of the data from all fields in which the photometric flag 
is zero. 

This paper has been typeset from a TfijK/ DTgX file prepared 
by the author. 



APPENDIX A: PHOTOMETRIC CATALOGUE 

The catalogue of objects identified in the _fT s -band contains 
390 objects, 235 of which are classified as galaxies and 155 
as candidate galaxies, as described in Section [3] The pho- 
tometric properties of these galaxies are given in Table IA1I 
The table contains the following columns: 
Column 1: Identification number from this survey. 
Column 2: Identification number from the catalogue of 
Woudt & Kraan-Korteweg (2001), if a corresponding ob- 
ject was found in their deep optical search of the SRC IllaJ 
sky survey plates, or an 'R' indicating identification on the 
J?-band images of the cluster. 

Column 3: Right Ascension (RA) and Declination (Dec) 
(J2000) 

Column 4: Galactic longitude (I) and latitude (b) in de- 
grees 

Column 5: Galactic Extinction in the if s -band (Ak s ) m 
magnitudes, as derived from the Schlegel, Finkbeiner & 
Davis (1998) reddening maps. 

Column 6: Classification as likely galaxy (G) or candidate 
(C), based on eye-balling of the K s - and i?-band images of 
the cluster 

Column 7: Total iG-band magnitude and error, given by 
the Auto (Kron) magnitude of SExtr (uncorrected for galac- 
tic extinction or fc-correction for redshift) 
Column 8: B.j magnitude, corresponding approximately to 
B25 isophotal magnitude, from the catalogue of Woudt & 



3 The NASA/IPAC Extragalactic Database (NED) is operated 
by the Jet Propulsion Laboratory, California Institute of Tech- 
nology, under contract with the National Aeronautics and Space 
Administration. 
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Table Al. The photometric catalogue of galaxies identified in the i-Ts-band 
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0.080 


C 


15.70 


± 


0.06 




2 




3(0) 


Kill 


R 


16 


13 


41.8 


-61 


14 


19 


324.94 


-7.34 


0.081 


G 


14.41 


± 


0.02 




5 




35(0) 


K112 




16 


13 


42.2 


-60 


37 


01 


325.37 


-6.89 


0.078 


G 


15.37 


± 


0.04 




3 




11(0) 


K113 


R 


16 


13 


44.4 


-60 


55 


01 


325.17 


-7.11 


0.073 


G 


13.90 


± 


0.02 




6 


5705 


4(0) 14(16) 


K114 




16 


13 


45.6 


-fil 


00 


01 


325.11 


-7.17 


0.080 


C 


12.45 


— 


0.01 




12 




5(3) 


K115 


WKK6193 


16 


13 


46.0 


-61 


00 


29 


325.10 


-7.18 


0.080 


G 


10.06 




0.00 


14.9 


44 


4235 


5(3) 


K116 


WKK6196 


16 


13 


47.6 


-60 


53 


04 


325.19 


-7.09 


0.073 


G 


11.71 




0.01 


16.2 


14 


4818 


4(3) 


K117 


R 


16 


13 


50.1 


-61 


10 


09 


325.00 


-7.30 


0.083 


G 


13.97 


— 


0.03 




9 




17(3) 


K118 


WKK6199 


16 


13 


50.2 


-60 


37 


22 


325.38 


-6.91 


0.078 


G 


11.60 




0.00 


16.2 


24 




11(2) 27(0) 


K119 


R 


16 


13 


50.6 


-60 


57 


45 


325.14 


-7.15 


0.080 


G 


16.16 




0.07 




2 




4(0) 5(0) 


K120 




16 


13 


53.1 


-60 


51 


19 


325.22 


-7.08 


0.073 


C 


16.26 


± 


0.07 




3 




3(0) 


K121 


WKK6202 


16 


13 


53.5 


-60 


47 


49 


325.26 


-7.04 


0.080 


G 


11.32 


± 


0.01 


16.1 


22 


3521 


3(0) 


K122 


WKK62** NC0656 


16 


13 


53.7 


-60 


52 


02 


325.21 


-7.09 


0.073 


G 


10.67 


± 


0.00 


15.4 


36 


3007 


4(2) 


K123 




16 


13 


55.3 


-61 


03 


27 


325.08 


-7.23 


0.080 


C 


15.30 


± 


0.05 




3 




5(0) 


K124 


WKK6204 


16 


13 


56.2 


-61 


00 


41 


325.12 


-7.19 


0.080 


G 


9.49 


± 


0.00 


14.9 


40 


4584 


5(3) 


K125 


WKK6207 


16 


13 


57.5 


-fit) 


56 


24 


325.17 


-7.14 


0.073 


G 


10.39 


± 


0.00 


15.3 


34 


3468 


4(2) 


K126 


WKK6209 


16 


13 


58.6 


-60 


54 


27 


325.19 


-7.12 


0.073 


G 


13.30 




0.02 


18.1 


7 




4(2) 


K127 




16 


13 


59.0 


-fit) 


46 


23 


325.29 


-7.03 


0.080 


G 


13.60 


± 


0.02 




9 




3(0) 


K128 




16 


13 


59.8 


-60 


47 


04 


325.28 


-7.04 


0.080 


C 


16.37 


± 


0.07 




2 




3(0) 


K129 


WKK6211 


16 


14 


00.0 


-60 


58 


39 


325.15 


-7.17 


0.080 


G 


12.98 


± 


0.01 


17.4 


11 


4520 


4(16) 5(0) 


K130 


WKK6212 


16 


14 


01.0 


-60 


59 


28 


325.14 


-7.19 


0.080 


G 


10.22 


— 


0.00 


15.6 


28 


3323 


5(2) 


K131 


R 


16 


14 


01.8 


-60 


59 


40 


325.14 


-7.19 


0.080 


G 


13.14 




0.02 




10 




5(3) 


K132 


WKK6216 


16 


14 


02.1 


-60 


54 


05 


325.20 


-7.12 


0.073 


G 


12.66 




0.01 


17.1 


12 


5056 


4(0) 


K133 




16 


14 


02.6 


-61 


02 


50 


325.10 


-7.23 


0.080 


C 


15.98 


— 


0.06 




3 




5(0) 


K134 


WKK6214 


16 


14 


02.7 


-61 


13 


04 


324.98 


-7.35 


0.076 


G 


13.67 


± 


0.02 


17.1 


8 


5054 


36(0) 


K135 


R 


16 


14 


02.8 


-61 


00 


54 


325.12 


-7.21 


0.080 


G 


13.66 




0.02 




7 


4501 


5(0) 


K136 




16 


14 


03.2 


-60 


58 


28 


325.15 


-7.18 


0.074 


C 


16.39 


± 


0.08 




2 




5(0) 


K137 




16 


14 


03.3 


-61 


10 


55 


325.01 


-7.33 


0.083 


C 


16.18 


— 


0.07 




2 




17(0) 


K138 


R 


16 


14 


04.4 


-fit) 


46 


55 


325.29 


-7.04 


0.080 


G 


14.43 


± 


0.03 




4 


3564 


3(0) 


K139 




16 


14 


05.4 


-60 


34 


25 


325.44 


-6.89 


0.078 


C 


15.85 


± 


0.04 




2 




27(0) 


K140 




16 


14 


05.7 


-fil 


04 


11 


325.09 


-7.25 


0.080 


c 


15.72 


± 


0.05 




3 




5(2) 


K141 




16 


14 


05.8 


-60 


50 


45 


325.25 


-7.09 


0.073 


c 


14.87 


± 


0.02 




5 




3(0) 


K142 


WKK6228 


16 


14 


06.1 


-60 


41 


54 


325.35 


-6.98 


0.083 


G 


10.93 


± 


0.00 


16.0 


28 


5671 


11(3) 


K143 




16 


14 


07.0 


-61 


07 


19 


325.06 


-7.29 


0.083 


G 


14.31 


± 


0.02 




6 




17(0) 


K144 


R 


16 


14 


07.7 


-60 


49 


08 


325.27 


-7.07 


0.076 


G 


14.66 


± 


0.04 




4 


4647 


3(2) 


K145 


R 


16 


14 


08.6 


-61 


03 


20 


325.10 


-7.24 


0.080 


G 


13.90 


± 


0.02 




6 


5185 


5(0) 


K146 




16 


14 


08.7 


-61 


11 


10 


325.01 


-7.34 


0.083 


C 


15.22 


± 


0.03 




3 




17(3) 


K147 




16 


14 


09.2 


-61 


09 


21 


325.03 


-7.32 


0.083 


C 


14.50 


± 


0.01 




5 




17(0) 


K148 




16 


14 


09.6 


-60 


45 


54 


325.31 


-7.04 


0.080 


C 


15.84 


± 


0.06 




3 




3(0) 


K149 




16 


14 


09.8 


-61 


13 


57 


324.98 


-7.37 


0.076 


C 


15.34 


± 


0.04 




4 




36(0) 


K150 


WKK6229 


16 


14 


10.4 


-60 


51 


01 


325.25 


-7.10 


0.076 


G 


11.58 


± 


0.00 


16.6 


13 


5376 


3(0) 4(0) 


K151 




16 


14 


10.6 


-60 


58 


18 


325.17 


-7.19 


0.074 


C 


15.40 


± 


0.05 




3 




5(0) 


K152 


WKK6230 


16 


14 


10.7 


-60 


44 


32 


325.33 


-7.02 


0.080 


G 


11.44 


± 


0.00 


16.6 


22 


3025 


11(2) 3(2) 


K153 




16 


14 


13.5 


-61 


05 


33 


325.09 


-7.28 


0.083 


G 


12.84 


± 


0.01 




9 




17(0) 


K154 


R 


16 


14 


15.3 


-fil 


00 


28 


325.15 


-7.22 


0.080 


G 


15.05 


± 


0.04 




3 




5(0) 


K155 




16 


14 


15.8 


-60 


47 


34 


325.30 


-7.06 


0.076 


C 


15.58 


± 


0.06 




3 




3(0) 


K156 


WKK6233 


16 


14 


18.0 


-60 


53 


26 


325.23 


-7.14 


0.073 


G 


11.83 




0.00 


17.1 


13 


5055 


4(0) 
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K B ID 


Optical ID 




RA (J2000) Doc 




Gal I 


Gal b 


/ 


K. 


Class 


K s 


[m 


ag] 


B.i 


D 


Vcl. 


Field (Flag) 








s ] 


[° 




] 


[°] 


[°] 


[mag] 




[mag] 


[mag] 


["] 


km s~ 1 




(1) 


(2) 




(3a) 


(3b) 




(4a) 


(4b) 




(5) 


(6) 


(7) 




(8) 


(9) 


(10) 


(11) 


K157 


R 


16 


14 


19.2 


-fii 


().-> 


09 


325.10 


-7.28 





083 


G 


14.78 


-i- 


0.03 




6 




5(16) 17(0) 


K158 


R 


16 


14 


19.8 


-61 


1)4 


58 


325.10 


-7.28 


(1 


083 


G 


14.06 


± 


0.02 




7 


29515 


5(0) 17(0) 


K159 




16 


14 


20.5 


-61 


17 


12 


324.96 


-7.43 


o 


076 


C 


15.63 


± 


0.06 




3 




36(0) 


K160 


WKK6235 


16 


14 


22.6 


-61 


08 


38 


325.06 


-7.33 





083 


G 


11.04 


± 


0.00 


15.6 


21 


4053 


17(0) 


K161 




16 


14 


23.0 


-61 


13 


59 


325.00 


-7.39 





076 


C 


16.02 


± 


0.07 




2 




36(0) 


K162 




16 


14 


24.1 


-60 


44 


38 


325.35 


-7.04 


o 


080 


C 


15.82 


± 


0.04 




3 




11(0) 


K163 


WKK6239 


16 


14 


25.4 


-61 


03 


40 


325.12 


-7.27 





083 


G 


10.48 


— 


0.00 


15.2 


34 


4235 


5(2) 


K164 




16 


14 


29.4 


-60 


43 


20 


325.37 


-7.03 





083 


C 


15.97 


± 


0.04 




3 




11(0) 


K165 




16 


14 


29.4 


-61 


04 


52 


325.12 


-7.29 





083 


G 


15.08 


± 


0.04 




4 




5(0) 17(0) 18(2) 


K166 




16 


14 


30.0 


-61 


01 


28 


325.16 


-7.25 





077 


C 


15.78 


± 


0.04 




3 




5(0) 


K167 


WKK6242 


16 


14 


30.5 


-60 


53 


46 


325.25 


-7.16 





074 


G 


10.71 


± 


0.00 


16.4 


21 


5197 


1(0) 4(2) 


K168 




16 


14 


30.5 


-60 


41 


11 


325.39 


-7.01 





083 


C 


16.88 


± 


0.08 




2 




11(0) 


K169 




16 


14 


30.8 


-61 


09 


56 


325.06 


-7.35 


o 


079 


G 


15.91 




0.06 




2 




17(0) 


K170 




16 


14 


31.8 


-fil 


11 


09 


325.05 


-7.37 


o 


076 


C 


15.95 


± 


0.05 




3 




37(0) 


K171 




16 


14 


33.3 


-fil 


17 


03 


324.98 


-7.44 


o 


076 


G 


15.42 




0.05 




3 




36(0) 37(3) 


K172 




16 


14 


33.6 


-fil 


01 


48 


325.16 


-7.26 


o 


077 


C 


15.97 


± 


0.05 




3 




5(0) 


K173 


R 


16 


14 


33.7 


-60 


54 


16 


325.25 


-7.17 





074 


G 


14.19 


± 


0.02 




5 


29400 


1(0) 


K174 




16 


14 


33.8 


-61 


03 


56 


325.13 


-7.29 


o 


083 


G 


15.44 




0.04 




3 




5(0) 


K175 


R 


16 


14 


36.3 


-60 


45 


04 


325.36 


-7.06 





087 


G 


15.11 


± 


0.04 




4 




2(0) 10(16) 


K176 


R 


16 


14 


37.5 


-61 


05 


04 


325.13 


-7.30 


o 


083 


G 


14.64 


— 


0.03 




6 




6(3) 5(3) 17(3) 18(3) 


K177 


R 


16 


14 


38.6 


-61 


11 


01 


325.06 


-7.38 





079 


G 


16.09 


± 


0.06 




2 




18(0) 


K178 




16 


14 


40.0 


-60 


49 


46 


325.31 


-7.12 





076 


C 


15.79 


± 


0.06 




3 




2(0) 


K179 


R 


16 


14 


40.7 


-61 


03 


30 


325.15 


-7.29 





083 


G 


15.82 


± 


0.04 




3 




5(16) 


K180 


WKK6248 


16 


14 


41.1 


-60 


35 


39 


325.48 


-6.96 





089 


G 


14.47 


± 


0.03 


17.7 


7 




26(0) 27(16) 


K181 




16 


14 


43.1 


-fil 


16 


40 


325.00 


-7.45 





074 


G 


14.65 




0.04 




4 




37(2) 


K182 




16 


14 


43.2 


-61 


04 


03 


325.15 


-7.30 





083 


C 


15.64 




0.04 




3 




6(0) 


K183 




16 


14 


44.0 


-61 


09 


50 


325.08 


-7.37 


o 


079 


C 


16.50 




0.08 




2 




18(0) 


K184 




16 


14 


44.1 


-60 


50 


03 


325.31 


-7.13 


() 


076 


C 


16.14 




0.07 




2 




2(0) 


K185 


WKK6251 


16 


14 


45.1 


-fid 


55 


36 


325.25 


-7.20 


o 


074 


G 


11.47 


— 


0.01 


15.9 


24 


5689 


1(0) 


K186 


WKK6250 


16 


14 


45.2 


-fil 


01 


50 


325.18 


-7.28 


o 


077 


G 


10.59 




0.00 


15.7 


28 


6258 


6(0) 


K187 


WKK6252 


16 


14 


45.4 


-fiO 


51 


41 


325.29 


-7.16 


o 


072 


G 


12.10 


± 


0.01 


16.8 


13 


5863 


1(0) 2(0) 


K188 


R 


16 


14 


46.5 


-60 


53 


59 


325.27 


-7.18 





072 


G 


16.00 


± 


0.08 




2 




1(0) 


K189 


WKK6254 


16 


14 


47.6 


-61 


11 


43 


325.06 


-7.40 





079 


G 


11.51 


± 


0.00 


15.4 


27 


4910 


18(2) 37(0) 


K190 




16 


14 


48.8 


-fit) 


54 


20 


325.27 


-7.19 


o 


072 


G 


15.68 




0.06 




3 




1(0) 


K191 




16 


14 


49.5 


-60 


37 


26 


325.47 


-6.99 


o 


089 


C 


16.11 


± 


0.04 




3 




10(0) 


K192 




16 


14 


51.1 


-60 


57 


42 


325.23 


-7.24 





074 


C 


15.14 


± 


0.04 




3 




1(0) 


K193 




16 


14 


52.2 


-60 


52 


49 


325.29 


-7.18 





072 


G 


15.48 


± 


0.06 




3 




1(0) 


K194 




16 


14 


55.0 


-fiO 


59 


50 


325.21 


-7.27 





077 


G 


13.57 




0.02 




5 




6(3) 


K195 




16 


14 


56.9 


-fiO 


42 


26 


325.42 


-7.06 


o 


087 


C 


15.90 




0.04 




3 




10(0) 


K196 




16 


14 


58.0 


-60 


41 


21 


325.43 


-7.05 


o 


083 


C 


16.15 


± 


0.07 




2 




10(0) 


K197 


WKK6263 


16 


14 


58.9 


-fiO 


4fi 


04 


325.38 


-7.11 


o 


087 


G 


13.95 




0.03 


17.2 


4 


3260 


2(0) 


K198 


WKK6264 


16 


14 


59.6 


-fiO 


52 


01 


325.31 


-7.18 


o 


072 


G 


13.57 


— 


0.02 


17.8 


7 


4940 


1(2) 


K199 


WKK6265 


16 


14 


60.0 


-60 


47 


23 


325.37 


-7.12 





087 


G 


13.42 


± 


0.02 


16.4 


9 


5611 


2(2) 


K200 


R 


16 


15 


00.2 


-61 


01 


05 


325.21 


-7.29 


o 


077 


G 


13.61 




0.01 




8 




6(0) 


K201 




16 


15 


00.4 


-fiO 


37 


53 


325.48 


-7.01 


o 


089 


C 


16.26 




0.07 




2 




10(0) 


K202 




16 


15 


00.5 


-fit) 


44 


25 


325.40 


-7.09 


o 


087 


G 


16.18 


± 


0.07 




2 




2(0) 10(0) 


K203 


WKK6267 


16 


15 


01.1 


-60 


48 


34 


325.35 


-7.14 





087 


G 


14.38 


— 


0.03 


17.9 


4 




2(0) 


K204 




16 


15 


03.4 


-fil 


03 


58 


325.18 


-7.33 





077 


G 


16.01 


± 


0.07 




3 




6(0) 


K205 


WKK6269 


16 


15 


03.8 


-fiO 


54 


26 


325.29 


-7.21 


o 


072 


G 


8.56 




0.00 


13.5 


59 


5441 


1(2) 


K206 




16 


15 


07.2 


-60 


57 


42 


325.26 


-7.26 


o 


072 


C 


16.04 


± 


0.07 




3 




1(0) 


K207 


R 


16 


15 


09.4 


-60 


59 


29 


325.24 


-7.28 





077 


G 


15.84 


± 


0.06 




2 




6(0) 


K208 


WKK6275 


16 


15 


09.9 


-60 


53 


28 


325.31 


-7.21 





072 


G 


10.65 


± 


0.00 


15.3 


29 


6861 


1(2) 


K209 


R 


16 


15 


10.5 


-60 


52 


31 


325.32 


-7.20 


o 


072 


G 


13.81 




0.02 




6 


6423 


1(0) 


K210 


WKK6277 


16 


15 


11.4 


-fil 


12 


04 


325.09 


-7.44 


o 


079 


G 


14.38 




0.03 


18.2 


6 


4602 


18(16) 37(0) 


K211 


WKK6278 


16 


15 


11.8 


-fiO 


31 


52 


325.56 


-6.96 


o 


088 


G 


13.54 




0.02 


17.2 


10 


4593 


26(0) 


K212 




16 


15 


11.8 


-60 


52 


01 


325.33 


-7.20 


o 


072 


C 


13.80 


± 


0.01 




6 




1(3) 


K213 




16 


15 


12.9 


-61 


16 


35 


325.04 


-7.49 





074 


C 


15.90 


± 


0.06 




3 




37(0) 


K214 




16 


15 


13.5 


-60 


38 


23 


325.49 


-7.04 


o 


089 


C 


14.96 




0.02 




4 




10(0) 


K215 




16 


15 


14.2 


-61 


00 


59 


325.23 


-7.31 


o 


077 


C 


16.50 


± 


0.08 




2 




6(0) 


K216 


R 


16 


15 


14.7 


-60 


37 


59 


325.50 


-7.03 





089 


G 


14.22 


— 


0.01 




5 




10(0) 26(0) 


K217 


WKK6283 


16 


15 


14.9 


-fit) 


35 


31 


325.53 


-7.00 





089 


G 


10.74 


± 


0.00 


15.2 


26 


6225 


26(2) 


K218 


WKK6282 


16 


15 


15.5 


-60 


56 


16 


325.28 


-7.25 





072 


G 


11.19 


± 


0.00 


15.9 


16 


4849 


1(2) 


K219 


R 


16 


15 


15.8 


-60 


37 


51 


325.50 


-7.03 





089 


G 


15.19 


± 


0.04 




4 




10(0) 


K220 




16 


15 


16.0 


-60 


57 


05 


325.28 


-7.26 





072 


C 


15.97 


± 


0.07 




3 




1(0) 


K221 


WKK6281 


16 


15 


16.0 


-fil 


07 


58 


325.15 


-7.39 





079 


G 


10.87 


± 


0.00 


15.5 


37 


4908 


18(3) 


K222 


WKK6288 


16 


15 


17.9 


-60 


45 


06 


325.42 


-7.12 





087 


G 


13.80 


± 


0.02 


17.7 


8 




2(0) 


K223 




16 


15 


18.0 


-60 


39 


28 


325.49 


-7.06 





098 


G 


14.84 




0.02 




5 




10(0) 


K224 




16 


15 


19.3 


-60 


58 


17 


325.27 


-7.28 





072 


C 


15.85 


± 


0.05 




3 




1(3) 


K225 




16 


15 


19.3 


-60 


45 


14 


325.42 


-7.13 





087 


C 


15.64 


± 


0.06 




2 




2(0) 


K226 


WKK6289 


16 


15 


19.9 


-61 


03 


25 


325.21 


-7.34 





077 


G 


12.71 


± 


0.01 


17.6 


10 


4447 


6(2) 


K227 




16 


15 


21.9 


-61 


13 


35 


325.09 


-7.47 





074 


C 


15.48 


± 


0.04 




5 




37(0) 


K228 


WKK6293 


16 


15 


23.4 


-60 


42 


48 


325.45 


-7.10 





098 


G 


14.31 


± 


0.02 


18.3 


8 




10(0) 


K229 


WKK6291 


16 


15 


23.5 


-60 


52 


41 


325.34 


-7.22 





072 


G 


14.05 


± 


0.03 


17.8 


5 




1(0) 1(0) 8(2) 


K230 




16 


15 


24.9 


-60 


57 


44 


325.28 


-7.28 





072 


C 


14.81 


± 


0.02 




4 




6(0) 


K231 


WKK6294 


16 


15 


25.2 


-fil 


04 


11 


325.21 


-7.36 





077 


G 


12.08 


± 


0.01 


16.8 


Ifi 


4547 


6(0) 7(0) 18(0) 19(0) 


K232 




16 


15 


25.2 


-60 


31 


31 


325.59 


-6.97 





088 


C 


16.36 


± 


0.07 




2 




47(0) 


K233 


WKK6295 


16 


15 


25.9 


-fil 


00 


22 


325.25 


-7.32 





072 


G 


13.17 


± 


0.01 


17.6 


7 


6101 


6(2) 7(2) 


K234 




16 


15 


26.4 


-fil 


06 


08 


325.19 


-7.39 





077 


C 


15.93 


± 


0.05 




3 




19(0) 


K235 


WKK6297 


16 


15 


27.1 


-60 


58 


50 


325.27 


-7.30 





072 


G 


11.79 


± 


0.01 


16.2 


16 


5023 


6(0) 7(2) 
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Tabic Al - Continued 



K B ID 


Optical ID 




RA (J2000) Dec 




Gal I 


Gal b 




Class 


K s 


[m 


ag] 


B.i 


D 


Vcl. 


Field (Flag) 






[" " 


s ] 


[° ' ' 


'] 


[°] 


[°] 


[mag] 




[mag] 


[mag] 


["] 


km s~ 1 




(1) 


(2) 




(3a) 


(3b) 




(4a) 


(4b) 


(5) 


(6) 


(7) 




(8) 


(9) 


(10) 


(11) 


K236 




16 


15 


27.7 


-61 12 


25 


325 


11 


-7.46 


0.074 


C 


16.65 


± 


0.10 




2 




38(0) 


K237 


WKK6299 


16 


15 


28.9 


-60 48 


56 


325 


39 


-7.18 


0.078 


G 


11.53 


± 


0.01 


17.4 


15 


5211 


2(0) 


K238 


WKK6300 


16 


15 


29.3 


-60 51 


03 


325 


37 


-7.21 


0.078 


G 


12.98 




0.01 


17.4 


7 


4586 


1(0) 2(0) 8(0) 9(0) 


K239 




16 


15 


30.1 


-60 45 


42 


325 


43 


-7.15 


0.087 


C 


14.70 


± 


0.03 




4 




9(0) 


K240 




16 


15 


30.5 


-60 42 


35 


325 


47 


-7.11 


0.098 


C 


15.87 


± 


0.06 




3 




10(0) 


K241 




16 


15 


30.9 


-60 45 


12 


325 


44 


-7.14 


0.087 


C 


16.05 


± 


0.06 




3 




9(0) 


K242 




16 


15 


30.9 


-60 55 


49 


325 


31 


-7.27 


0.072 


C 


16.02 


± 


0.08 




2 




1(0) 


K243 




16 


15 


31.7 


-60 56 


54 


325 


30 


-7.28 


0.072 


G 


14.68 


± 


0.04 




4 




1(0) 8(0) 


K244 


WKK6305 


16 


15 


32.9 


-60 39 


55 


325 


50 


-7.08 


0.098 


G 


9.37 


± 


0.00 


14.4 


38 


4710 


10(19) 25(2) 


K245 




16 


15 


33.7 


-60 50 


00 


325 


38 


-7.20 


0.078 


C 


14.76 


± 


0.03 




4 




2(0) 


K246 




16 


15 


35.5 


-60 48 


52 


325 


40 


-7.19 


0.078 


G 


15.06 


± 


0.04 




3 




2(16) 9(0) 


K247 


R 


16 


15 


35.5 


-61 12 


17 


325 


13 


-7.47 


0.074 


G 


13.34 


± 


0.02 




8 




37(19) 38(3) 


K248 




16 


15 


35.8 


-60 43 


41 


325 


46 


-7.13 


0.098 


C 


15.87 




0.06 




3 




25(0) 


K249 


R 


16 


15 


36.7 


-60 56 


45 


325 


31 


-7.29 


0.072 


G 


13.96 


± 


0.02 




6 


3365 


8(0) 


K250 




16 


15 


37.7 


-60 59 


41 


325 


28 


-7.32 


0.072 


C 


16.36 




0.08 




2 




7(0) 


K251 


WKK6309 


16 


15 


38.0 


-60 41 


59 


325 


49 


-7.11 


0.098 


G 


12.37 


— 


0.01 


16.4 


10 


6169 


25(2) 


K252 


R 


16 


15 


40. 1 


-60 32 


18 


325 


60 


-7.00 


0.088 


G 


13.74 


± 


0.01 




6 




47(0) 


K253 




16 


15 


40.4 


-61 09 


27 


325 


17 


-7.45 


0.077 


C 


15.40 


± 


0.04 




4 




19(0) 


K254 




16 


15 


42.0 


-61 13 


54 


325 


12 


-7.50 


0.074 


c 


14.97 


± 


0.03 




4 




38(0) 


K255 




16 


15 


42.4 


-61 02 


06 


325 


26 


-7.36 


0.073 


c 


16.58 


± 


0.08 




2 




7(0) 


K256 




16 


15 


42.5 


-61 04 


16 


325 


23 


-7.39 


0.077 


c 


16.41 


± 


0.06 




2 




7(0) 


K257 


R 


16 


15 


43.1 


-61 02 


38 


325 


25 


-7.37 


0.073 


G 


16.04 


± 


0.07 




2 




7(0) 


K258 




16 


15 


43.1 


-60 59 


13 


325 


29 


-7.33 


0.072 


C 


16.68 


± 


0.09 




2 




7(0) 


K259 


WKK6312 


16 


15 


46.1 


-60 55 


08 


325 


34 


-7.28 


0.072 


G 


8.54 


± 


0.00 


13.1 


58 


3839 


8(2) 


K260 


R 


16 


15 


46.3 


-61 08 


25 


325 


19 


-7.44 


0.077 


G 


15.05 


± 


0.04 




6 




19(0) 


K261 


WKK6313 


16 


15 


46.6 


-60 55 


22 


325 


34 


-7.29 


0.072 


G 


11.86 


— 


0.00 


16.7 


8 


3319 


8(3) 


K262 


R 


16 


15 


47.2 


-60 41 


54 


325 


50 


-7.13 


0.098 


G 


14.04 


± 


0.03 




5 




25(0) 


K263 


WKK6316 


16 


15 


48.0 


-60 42 


39 


325 


49 


-7.14 


0.098 


G 


11.61 




0.01 


16.1 


18 


4641 


25(0) 


K264 


WKK6318 


16 


15 


50.2 


-60 48 


11 


325 


43 


-7.21 


0.078 


G 


8.88 


— 


0.00 


13.2 


57 


3380 


9(2) 


K265 




16 


15 


51.4 


-60 45 


40 


325 


46 


-7.18 


0.094 


C 


13.47 




0.01 




7 




9(0) 


K266 




16 


15 


52.7 


-61 15 


31 


325 


11 


-7.53 


0.074 


C 


15.22 


± 


0.04 




4 




38(0) 


K267 




16 


15 


52.9 


-60 48 


09 


325 


43 


-7.21 


0.078 


C 


13.80 


± 


0.02 




6 




9(3) 


K268 


WKK6319 


16 


15 


53.0 


-60 50 


57 


325 


40 


-7.24 


0.078 


G 


10.42 


— 


0.00 


14.9 


44 


3877 


8(18) 9(2) 


K269 




16 


15 


55.0 


-61 11 


33 


325 


16 


-7.49 


0.073 


G 


14.70 


± 


0.03 




5 




19(0) 38(0) 


K270 




16 


15 


55.2 


-61 10 


25 


325 


18 


-7.48 


0.073 


C 


16.61 


± 


0.07 




2 




19(0) 


K271 


R 


16 


15 


55.9 


-61 04 


26 


325 


25 


-7.41 


0.077 


G 


15.43 


± 


0.03 




5 




19(0) 


K272 


R 


16 


15 


56.0 


-60 37 


19 


325 


57 


-7.08 


0.095 


G 


15.84 


± 


0.06 




3 




25(0) 47(0) 


K273 


R 


16 


15 


57.8 


-60 41 


54 


325 


52 


-7.14 


0.098 


G 


14.79 




0.04 




3 




25(0) 


K274 




16 


15 


58.9 


-61 04 


41 


325 


25 


-7.41 


0.077 


C 


16.73 




0.08 




2 




7(0) 


K275 


WKK6325 


16 


16 


02.6 


-60 57 


51 


325 


34 


-7.34 


0.072 


G 


13.39 


± 


0.01 


17.5 


10 




7(0) 8(0) 


K276 


WKK6326 


16 


16 


02.7 


-60 39 


13 


325 


55 


-7.12 


0.095 


G 


13.89 




0.03 


17.9 


5 


5096 


25(0) 


K277 


WKK6329 


16 


16 


04.6 


-60 30 


53 


325 


65 


-7.02 


0.083 


G 


12.78 


— 


0.01 


17.3 


10 


4749 


47(3) 


K278 


R 


16 


16 


04.9 


-60 47 


47 


325 


46 


-7.22 


0.094 


G 


15.61 


± 


0.06 




4 




9(0) 


K279 




16 


16 


05.2 


-60 48 


47 


325 


45 


-7.23 


0.078 


C 


16.20 




0.08 




2 




9(0) 


K280 


WKK6328 


16 


16 


06.0 


-60 53 


10 


325 


39 


-7.29 


0.074 


G 


13.08 


± 


0.01 


17.5 


11 


5870 


8(0) 


K281 


R 


16 


16 


06.4 


-61 10 


30 


325 


19 


-7.49 


0.073 


G 


14.66 


± 


0.02 




7 




19(0) 


K282 




16 


16 


06.4 


-61 14 


42 


325 


14 


-7.54 


0.074 


C 


15.88 


— 


0.07 




2 




38(0) 


K283 




16 


16 


07.5 


-61 04 


18 


325 


27 


-7.42 


0.073 


G 


16.25 


± 


0.07 




3 




7(0) 


K284 


WKK6360 


16 


16 


08.7 


-61 02 


36 


325 


29 


-7.40 


0.073 


G 


11.24 


— 


0.00 


16.1 


19 


6324 


7(3) 


K285 




16 


16 


09.3 


-61 12 


59 


325 


17 


-7.53 


0.073 


C 


15.98 


— 


0.05 




3 




38(0) 


K286 




16 


16 


10.3 


-60 39 


39 


325 


56 


-7.13 


0.095 


C 


15.75 


± 


0.05 




3 




25(0) 


K287 


WKK6336 


16 


16 


11.6 


-60 45 


07 


325 


50 


-7.20 


0.094 


G 


13.34 


± 


0.01 


17.6 


7 




9(0) 


K288 


R 


16 


16 


11.9 


-60 38 


57 


325 


57 


-7.13 


0.095 


G 


15.09 




0.04 




3 




25(0) 


K289 


R 


16 


16 


13.2 


-60 51 


28 


325 


43 


-7.28 


0.074 


G 


13.95 


± 


0.02 




5 




8(0) 9(0) 


K290 


R 


16 


16 


14.0 


-60 51 


25 


325 


43 


-7.28 


0.074 


G 


14.09 




0.02 




6 




8(0) 9(0) 


K291 




16 


16 


15.1 


-60 53 


03 


325 


41 


-7.30 


0.074 


G 


15.98 


± 


0.06 




4 




8(0) 


K292 




16 


16 


15.4 


-61 11 


52 


325 


19 


-7.52 


0.073 


C 


16.09 


± 


0.05 




3 




19(0) 


K293 


WKK6342 


16 


16 


18.9 


-60 57 


23 


325 


36 


-7.36 


0.076 


G 


11.10 




0.00 


16.3 


15 


4828 


7(3) 8(3) 21(3) 22(19) 


K294 




16 


16 


19.4 


-60 58 


26 


325 


35 


-7.37 


0.076 


C 


13.95 


± 


0.01 




6 




22(16) 


K295 


WKK6340 


16 


16 


19.5 


-61 17 


46 


325 


13 


-7.60 


0.076 


G 


9.31 


— 


0.00 


14.1 


52 


6330 


38(3) 


K296 


R 


16 


16 


21.6 


-60 46 


58 


325 


49 


-7.24 


0.094 


G 


13.31 


± 


0.02 




7 




9(0) 23(0) 


K297 




16 


16 


21.9 


-61 03 


13 


325 


30 


-7.43 


0.073 


G 


12.83 


± 


0.01 




8 




7(3) 21(3) 


K298 




16 


16 


22.2 


-60 58 


11 


325 


36 


-7.37 


0.076 


C 


13.86 


± 


0.02 




6 




8(0) 22(0) 


K299 


R 


16 


16 


22.3 


-61 17 


31 


325 


13 


-7.60 


0.076 


G 


12.43 


± 


0.01 




13 




38(3) 39(19) 


K300 




16 


16 


22.6 


-60 37 


04 


325 


61 


-7.12 


0.095 


C 


15.75 


± 


0.07 




2 




25(0) 


K301 


WKK6349 


16 


16 


23.1 


-60 52 


03 


325 


43 


-7.30 


0.074 


G 


13.02 


± 


0.01 


16.9 


8 


4591 


8(3) 22(3) 


K302 


R 


16 


16 


24.0 


-60 47 


03 


325 


49 


-7.24 


0.094 


G 


12.93 


± 


0.01 




7 




9(0) 23(0) 


K303 




16 


16 


24.7 


-60 40 


34 


325 


57 


-7.16 


0.094 


C 


16.13 


± 


0.08 




2 




25(0) 


K304 




16 


16 


26.0 


-60 35 


57 


325 


63 


-7.11 


0.095 


C 


14.98 


± 


0.02 




4 




46(0) 47(0) 


K305 


WKK6351 


16 


16 


27.0 


-61 14 


23 


325 


18 


-7.57 


0.073 


G 


14.72 


± 


0.03 


17.3 


2 


4451 


38(0) 39(2) 


K306 




16 


16 


27.2 


-61 17 


11 


325 


14 


-7.60 


0.076 


G 


14.89 


± 


0.04 




4 




38(0) 39(0) 


K307 




16 


16 


28.9 


-60 50 


18 


325 


46 


-7.29 


0.086 


C 


16.07 


± 


0.07 




2 




9(0) 


K308 


R 


16 


16 


31.9 


-61 03 


06 


325 


32 


-7.44 


0.073 


G 


15.13 


± 


0.03 




4 




21(0) 


K309 




16 


16 


32.7 


-61 10 


15 


325 


23 


-7.53 


0.073 


G 


14.52 


± 


0.03 




5 




19(16) 20(0) 


K310 




16 


16 


33.4 


-61 04 


27 


325 


30 


-7.46 


0.076 


C 


16.22 


± 


0.06 




2 




21(0) 


K311 




16 


16 


35.3 


-61 13 


55 


325 


19 


-7.58 


0.073 


C 


15.97 


± 


0.06 




3 




39(0) 


K312 


R 


16 


16 


36.2 


-60 50 


20 


325 


47 


-7.30 


0.086 


G 


15.61 


± 


0.06 




2 




23(0) 


K313 


WKK6359 


16 


16 


36.7 


-61 05 


25 


325 


30 


-7.48 


0.076 


G 


13.68 


± 


0.02 


17.9 


8 


6257 


20(2) 


K314 


WKK6360 


16 


16 


37.0 


-61 02 


45 


325 


33 


-7.44 


0.073 


G 


10.14 


± 


0.00 


15.3 


27 


6258 


21(0) 
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Tabic Al - Continued 



K B ID Optical ID RA (,12000) Dec Gal ( Gal b A Ks Class K B [mag] Bj D Vcl. Field (Flag) 

l h m '] 1° ' "] [°] [°] [mag] [mag] [mag] ["] kms" 1 
(1) (2) (3a) (3b) (4a) (4b) (5) (6) (7) (8) (9) (10) (11) 



K315 




16 


16 


38 




-61 


07 


60 


325 


27 


-7 


51 





076 


G 


13 


11 


± 





01 






16 




20 


()) 




K316 




16 


16 


4(1 


2 


-61 


09 


40 


325 


25 


_7 


53 





076 


c 


16 


27 


± 





05 






3 




20 






K317 


WKK6364 


16 


16 


4(1 


6 


-6(1 


59 


53 


325 


37 


_7 


42 


o 


076 


G 


12 


4(1 


± 


o 


01 


17 


1 


11 
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